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CHAPTER 1 
General introduction 

General introduction 
1.1 Introduction 
As long as dental care is practised there have been two main reasons for people to 
seek dental treatment. One is the call for curative treatments (i.e. treatment of 
toothache) and the other is the demand for so-called ornamental dentistry which has 
nothing to do with the concept of Odontology but is focused on the improvement of 
the aesthetic appearance of the dentition. Such practices were for instance already 
found in the pre-Hispanic Americas and included fillings, inlays, polishing of teeth 
and improvement of their shade (Sanfilippo, 1990). 
Although aesthetic dental treatments are not new, the attention for this type of 
dentistry is enormously increased in the last decades. In the western world, the 
public is overloaded every day with information from the media about 'appearance' 
and the 'importance' of being 'young and beautiful'. Beauty is both enjoyable 
(subjective and cosmetic), and admirable (objective and definable) (Nash, 1988). 
Due to magazines and television a certain aesthetic standard is developed in which 
the mouth and the teeth have become an almost indefinitely important factor. The 
smile is regarded as an integral point of the face or, in a larger sense, of the whole 
person. The importance of the maintenance of healthy and aesthetic oral structures 
over a lifetime for psychological as well as for physical reasons has been 
documented (Levinson, 1990). 
The growing importance of aesthetics has resulted in an increasing demand from the 
public for cosmetic dental treatment. The purpose of cosmetic dentistry is to 
maintain or improve the aesthetic appearance of the teeth. About one third of the 
adult population is dissatisfied with the colour or shape of their teeth (Goldstein, 
1984). The same conclusion was found in an epidemiological study in the 
Netherlands (Truin et al., 1989; Willemsen et al., 1994). Recent developments in 
aesthetic dentistry focus on new techniques and materials that improve the dentist's 
ability to provide aesthetics services. The aesthetic tools which are used by the 
modern dentist include, beside the well-known prosthetic techniques, resin 
composites and (dentine) bonding agents, bonded ceramic restorations, bleaching of 
vital and non-vital teeth and implantology. In the current field of treatment 
modalities, the veneer restoration has become a routine procedure in aesthetic 
dentistry. The veneer restoration (VR) is a facing that covers the labial part of a 
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tooth with the purpose to improve the aesthetics. The technique of the veneer 
restoration is not new - the first modern VR has been described by Pincus in 1938 -
but materials, clinical procedures and techniques have changed in time. 
The introduction of the acid-etch technique by Buonocore (1955), followed by the 
development of resin composite by Bowen (1958), resulted in new treatment 
methods for discoloured, malformed or malpositioned teeth. However, these early 
resin composites were far from ideal. When these composites were used to mask 
dark discolorations they had to be applied in a thick layer. The surface could not be 
polished sufficiently, and roughened quickly, thereby attracting stains. The chemical 
curing resin composites were also not colour stable due to the amine system of 
polymerization resulting in intrinsic pigmentation. To overcome these problems of 
the resin composite veneer restoration, the direct laminate veneer restoration 
(Mastique, DeTrey) was introduced by Faunce and Faunce (1975). The acrylic 
veneer was attached to the etched enamel surface with a resin composite and 
bonding agent. Auto-cured or heat-cured acrylic resins were also used for indirect 
veneer restorations. However, the bond of the laminate to the composite was weak 
and many failures including clinical loss were observed. Progress in the 
development of dental materials resulted in improvement of microfilled resin 
composites which were more polishable and stain resistant than the conventional 
composites. With the introduction of light-curing material the intrinsic colour 
stability improved as well. 
Later on special composites came on the market for use in the dental laboratory. 
Making the restorations outside the oral cavity enables to use special techniques 
(heat, special light) to improve the degree of cure. 
Porcelain is an ideal material to simulate the optical properties of the tooth. Colour 
stability, wear resistance and biocompatibility are almost perfect and stain is seldom 
seen. Initially the bonding of porcelain to enamel produced some problems. In 
1983, Calamia and Simonsen performed an in vitro test in which they improved the 
bonding of porcelain to enamel by combining the acid-etch technique and a silane 
coupling agent. This made the porcelain veneer restoration an aesthetic restoration. 
Special porcelain and castable glass ceramic were manufactured for the fabrication 
of veneer restorations (Porcelain veneer system, Cerinate porcelain laminate, PVS 
14 
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Porcelain laminate, Dicor, Empress). 
At present three main types of veneer restorations can be distinguished: (1) resin 
composite VRs, which have to be made by the dentist directly in the mouth of the 
patient, (2) indirect resin composite VRs, which are made by a dentist (preparation, 
impression taking and insertion) and a dental technician (fabrication of the VR), and 
(3) porcelain VRs which are also made by a dentist and a dental technician. In this 
thesis representatives of these three types of veneer restorations are studied 
clinically. Along with a longitudinal clinical trial, designed to study the 
performance of different types of veneer restorations, attention is paid to the 
patients' satisfaction, the opinion of professionals and some cost-benefit aspects. 
1.2 Relevance of the study 
As already mentioned, the attention towards aesthetic dentistry is rapidly increasing. 
It is well understood that all dental treatments have a certain biological price, 
however, the hight of this price is depending on the nature of the intervention 
(Käyser, 1995). Especially in aesthetic dentistry, where objective odontological 
reasons for treatment are not always present, it is important that this biological 
price is low or at least in accordance with the effect that can be reached with the 
treatment. The procedures which are used to make veneers are not so invasive as 
conventional techniques such as the making of crowns. Although the concept of 
veneers is not new, the data that can be found in the literature with respect to the 
performance of these restorations are scarce. Most publications are describing 
procedures and case reports. The literature provides some data, but the 
documentation rarely meets the standards required for evidence-based dentistry. 
Moreover, the effects of different methods of veneering have not been studied 
under controlled clinical conditions before. This study is an attempt to provide more 
clinical information about this type of restoration. 
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Figure 1-1 Schematic representation of important success factors in VRs. 
1.3 Objectives of the study 
The major factors which may influence the clinical success of veneer restorations 
are presented in Figure 1-1. These factors are: 
- The aesthetic performance of the whole restoration (1). 
The bonding of the veneer restoration to the tooth surface (i.e. dentine and/or 
enamel) (2). 
The (surface) qualities of the restorative material with respect to mechanical and 
optical performance as a function of time (3). 
- The design of the restoration at the incisai edge (4). 
The cervical preparation form and the quality of the cervical margin (5). 
It was not the purpose of this study to investigate all aspects of the problem fields 
mentioned above. This overview is only given to present the reader a framework in 
which the work described in this thesis can be fitted. The aspects studied in this 
16 
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thesis are limited to a number of clinical parameters which are relatively easy to 
control by the dentist-operator. 
The main objective of this study is to investigate 1) the clinical performance of 
three types of veneer restorations, and 2) the influence of relevant clinical factors 
on the behaviour of these restorations under controlled clinical conditions. 
In more detail the objectives to be investigated are: 
the assessment and comparison of the clinical behaviour of three types of veneer 
restorations and the estimation of the functional lifetime of 1) direct resin com-
posite VRs, 2) indirect resin composite VRs, and 3) porcelain VRs, 
the effects of the preparation design on the performance of indirect VRs, 
the effects of potential risk factors (i.e. patient or procedure related factors with 
potential relevance on the outcome, such parafunctional oral habits or non-vital 
teeth) on the performance of VRs, 
- the dimensional changes due to veneering procedures on discoloured anterior 
teeth, 
the level of patients' satisfaction with the different types of VRs, 
- the professional judgements on the aesthetic results achieved with VRs made in 
this study. 
Further objectives are: 
the determination of operator effects, 
to collect data for a cost-benefit analysis with respect to the three types of VRs 
investigated. 
to compare the clinical behaviour of a microfine composite when used in a 
direct technique (Silux Plus) or an indirect technique (Dentacolor). 
It should be emphasised that only representatives of certain types of veneer restora-
tions have been studied (see section 3.2.3) and that particular outcomes may differ 
when other dental materials are used. However, the materials and techniques chosen 
for this study were state of the art at the time the study was started. 
The major part of this study is an experimental clinical trial designed to compare 
the three types of VRs mentioned above. Although the study has a clear experimen-
tal character, large parts of this study -more specific those parts dealing with so-
called 'patient effects on treatment'- may be classified as observational. The results 
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of these observations are not only considered to be important for the description of 
the behaviour of the restorations but also for the development of further hypotheses 
with respect to risk factors and other aesthetic parameters. 
1.4 Outline of the thesis 
The literature with respect to the clinical follow-up of veneer restorations was 
reviewed using a meta-analytic procedure. This formal way of a literature study is 
described in Chapter 2. The Chapters 3 to 5 are dealing with the actual experiment, 
i.e. the follow-up of three types of veneer restorations. The details about the trial 
organisation, such as patient selection, randomisation, variables, evaluation criteria 
and trial stopping procedures are presented in Chapter 3. Chapter 4 provides infor-
mation about a number of patient characteristics including general information such 
as age and socio-economic backgrounds, and specific information about the dental 
status of the patients. The results of the clinical trial after 2.5 years follow-up with 
respect to the experimental variables and risk factors are presented and discussed in 
Chapter 5. In the Chapters 6 to 9 a number of supporting studies are presented. For 
each of these studies different samples were selected from the trial population on 
the basis of specific criteria. Chapter 6 reports on the satisfaction of the patients 
with respect to the aesthetics of the restorations placed and also an attempt is made 
to identify potential factors that may influence the level of satisfaction. In Chapter 7 
the dimensional changes that occur as a result of the veneering procedures are 
studied and discussed using contact stylus profilometry and subsequent 3-D surface 
analysis. With help of colour transparencies made of the smiling patients, the judge-
ment of dentists and beautician students (two professional groups which are used to 
look on aesthetics in detail) on the performance of veneer restorations was assessed 
by determining the degree in which these professionals could distinguish the differ-
ent veneer restorations from natural teeth. This study is presented in Chapter 8. It 
is obvious that controlled clinical studies in which strict clinical protocols are used 
provide not only data for the estimation of costs, but also contribute to the under-
standing in how these costs may be affected by specific clinical parameters. Chapter 
9 presents a study in which treatment times were recorded and analyzed. Finally in 
the general discussion, which is presented in Chapter 10, the results of the different 
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parts of this study are combined and clinical implications are formulated. 
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CHAPTER 2 
A meta-analysis of clinical studies 
on veneer restorations 
This chapter is an edited version of The Journal of Dentistry (accepted), Kreulen AM, Creugers NHJ and 
Meijenng AC 'Meta analysis of anterior veneer restorations in clinical studies', and is printed with kind 
permission from Elsevier Science Ltd, The Boulevard, Langford Lane, Kidhnglon OX5 1GB, UK 
Chapter 2 
The objective of the study is to make an inventory of clinical studies on veneer 
restoration (VRs) using a meta-analytic review procedure and to aggregate an 
overall survival result for four types of VRs. From the dental literature published 
from 1983 to November 1996, papers were selected using an in-and exclusion 
protocol in a two-step procedure. Additionally, the papers selected were subjected 
to a quality assessment. Although not all studies used an identical definition of 
'failure of a restoration ', this item was chosen to be the common study outcome. 
After a homogeneity test, cumulative survival curves were constructed by pooling the 
data from the studies. 
On a 0-1 scale, the weighted overall mean quality score of the studies was 0.57 (se 
0.09). There was an adequate agreement between the independent assessors. The 
results of the quality assessment could not be used as weights for the survivals, but 
the quality outcome supports the description of the sample of studies. From the nine 
studies on porcelain VRs, the pooled cumulative proportion of survival after three 
years was 0.92 (se 0.01) and from three studies on preformed acrylic VRs this 
figure was 0.74 (se 0.03). From both the direct and the indirect resin composite 
VRs data of only one study were available after two-and-a-half and two years, 
respectively. 
So the conclusion is that the evaluative and statistical basis of clinical VR studies 
may be improved to obtain an effective inference of the results. Furthermore, 
porcelain VRs show acceptable longevity after three years, which appears to be 
better than that of preformed acrylic VRs. 
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2.1 Introduction 
Only a few decades ago the full porcelain crown and porcelain-fused-to-metal 
crown, were the restorations of choice to improve aesthetics of discoloured teeth. 
These restorations required extensive preparation of teeth that were not in need of 
such a removal of tissue due to the caries process. The development of etched resin 
veneer restorations (VRs), or facings, allowed concurrent improvements in 
aesthetics with the preservation of sound tooth tissue. Moreover, compared to 
porcelain-fused-to-metal crowns, VRs tend to be less deleterious to the gingival 
tissue (Pippin et al., 1995). Early resin composites could only mask discolorations 
when applied in a thick layer of material and thus 'extension for aesthetics' was 
necessary (Toh et al., 1987). Conventional composites were susceptible to 
discoloration. Therefore, the composite was alternatively used in combination with 
a smooth acrylic covering shield. These shields of polymeric material, that were 
constructed in the laboratory, were more colour stable and were shown to mask 
underlying discolorations more effectively in thinner layers (Faunce and Faunce, 
1975). After the introduction of these indirect laminate veneer systems in the late 
1970's it appeared that the bond of the restorations to the teeth showed a high risk 
to failure (Boyder and Chalkley, 1982), and that colour could be improved (Quinn 
et al., 1986). For its aesthetic qualities, porcelain veneers were made the moment 
in the mid-eighties that porcelain could reliably be etched and resin-bonded (Toh et 
al., 1987). 
Meanwhile the material properties of resin composite materials improved and the 
direct veneering of teeth developed into a viable treatment option. Since then the 
strategy of the dentist has depended on the affinity to a particular technique and the 
costs passed on to the patient rather than on longevity data as obtained from clinical 
trials. Studies on either the direct resin technique or the indirect veneering reported 
results that are often difficult to compare. Heffding, for instance, found 60% 
failures after 4 years of study, while Calamia observed only 2% failures after 10 
years of experience with VRs (H0ffding, 1995; Calamia, 1993). The aim of this 
study, therefore, is to make an inventory of data of clinical studies on anterior 
veneer restorations performed in the last decade, with special reference to clinical 
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trials, and to aggregate a mean survival result using a formal type of review, the 
meta-analysis. 
2.2 Materials and methods 
A meta-analysis can be characterized by its four major steps: literature search and 
selection, in/exclusion of papers, quality assessment, and statistical processing. The 
literature search was conducted using MEDLINE on a campus-network with the year 
limits of 1983 upwards to the update of November 1996. Key words were: 'dental 
in SB' and 'veneer*'. Conference abstracts were not included, since abstracts 
indeed are expected to be interim reports prior to published in article-form. If not, 
a thorough description of study set-up and data analysis is not likely to be expressed 
within an abstract-text. 
The literature search was carried out by three final year dental students. An initial 
selection of the references found was made on the basis of Table 2-1 (first selec-
tion) with the emphasis on exclusion by consensus. This first selection was followed 
by a second one, with the selection criteria as described in the second part of Table 
2-1, using a standard form. This second selection was performed independently by 
the three students. It was not blinded, since it was assumed that the students do not 
have connections to persons or institutions, by which influence on in/exclusion is 
likely. The criteria in Table 2-1 marked with * were binary assessed, while no 
attention was payed to the actual content of each item. The items 'type of VR' and 
'preparation' were assessed on a four-point scale. The criteria for the second 
selection were applied in successive order of the items of Table 2-1. As a measure 
of agreement, the Cohen-Kappa coefficient (Kappa-coef) was used for each item 
(Cohen, 1960). 
Consensus was reached in case of disagreement. The information gathered from the 
studies included by the second selection was used for a quality estimate procedure 
and for the construction of a mean result of the common outcomes of the studies 
included. 
Of the papers included copies were made where only the 'Materials and Methods' 
section and the 'Results' section were duplicated (without referential data). On the 
basis of these two sections of each paper, assessment of the studies was 
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Table 2-1 Selection criteria of studies regarding veneer restorations (VRs). 
Step Include Exclude 
First selection VRs reported Non-clinical study 
Clinical study Case report 
Follow-up study Description of technique (or manual) 
Review 
Second selection 1. Paper in English (*) 
2. Follow-up 2 years or more (*) 
3. Type of VR stated (**) 
4. Nrs of restorations stated (*) 
5. Nrs of patients stated (*) 
6. Location of restorations described (*) 
7. Preparation described (**) 
8. Study-outcome shown as failures or survival (*) 
One or more of the inclusion criteria (1-8) is not met, in order of appearance 
* =binary assessment: O = not stated/not applicable, 1 = stated/applicable 
** ^assessment on four-point scales: 
-Type of VR': 1 =direct composite VR, 2 = preformed acrylic VR, 3=indirect composite VR, 
4=porcelain VR 
-'Preparation': O=not stated, l=no preparation, 2=preparation, 3=both preparation and no 
preparation 
carried out blinded by two observers (NHJC and CMK) using a formal procedure. 
A modification of the quality scoring system as described by Antczak was used 
(Antczal et al., 1986; Hayes et al., 1992). The purpose of the quality assessment 
was to obtain a description of the sample of the VR-reports. In combination with 
the sample size of each study, the quality figures were to be used as weights for 
combining results of separate studies. The studies were evaluated according to items 
that were considered to represent good scientific practice (GSP) in clinical studies. 
To arrive at a standard form that reflects GSP, criteria formulation- and calibration 
sessions for the two observers were conducted. Items can be classified to four main 
fields i.e. 'study methodology', 'dental methodology', 'evaluation methodology', 
and 'statistical methodology' (Table 2-2). The item 'aim of the study' was added as 
to illustrate whether the paper addresses the research question. Each item was 
assigned 'full credit', 'partial credit', or 'no credit' by the criteria as shown in 
Table 2-2. The proportional weight of an item was (subjectively) balanced to the 
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influence in comparison to the other items of the particular field. Scores 3,2, and 
1 were attached to the credit-qualifications (except for 'aim', see Table 2-2) and 
scores were summed. The total score of each main field was weighted by a factor 
that was expected to reveal the importance of that field regarding the performance 
of clinical studies (Table 2-2). The total score of the studies was transferred to a Ο­
Ι scale by the factor 0.0125. The resulting value is referred to as the 'GSP-score'. 
It was chosen to use 'failure' as the common study outcome, although not all 
studies used an identical definition of failure. In this meta-analysis failure is 
identified as debonding, chipping or fracture of the VR, or VR-failure due to poor 
aesthetics. In principle, repaired cases were considered to be failures. Common 
study outcome information of the studies included was abstracted and numbers of 
VRs made and VRs failed (censoring included) were traced. Complementary to 
failure, survival data should be given in each study, or might be reconstructed in 
order to utilize the life table method. Three studies presented survival curves with a 
linear negative slope (Dunne and Millar, 1993; Walls et al., 1988;Welbury, 1991), 
and the same tendency was assumed for all studies. 
This enabled the use of reports that present baseline numbers and endpoint numbers 
(censored included) only, by an equal distribution of the total of failures and 
censored data over the time periods. Moreover, studies were included that did not 
report drop-outs. 
Studies were grouped as based on the type of VR. No secondary variables, such as 
the type of teeth or the age of the patients, were considered. The data were 
screened for studies that included premolars in the sample. If the numbers of 
premolars treated were reported, then the sample size was adjusted to anterior teeth 
only. If this information was not traceable, it was assumed that the proportion of 
premolars treated was negligible. The overall cumulative life table survival curve 
was constructed by pooling the data from the studies included to a new data-set. To 
test for homogeneity of the data, the proportion of two-year survival (and confi­
dence interval) of each study was plotted with respect to the overall survival at the 
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two-year follow-up (Creugers and Hof van 't, 1991). In case of no failures, 
asymmetrical confidence intervals were derived from standard tables (Diem, 1960). 
2.3 Results 
The MEDLINE search resulted in 1056 hits. After the first selection 25 clinical 
follow-up studies remained (Table 2-3). Of 25 studies, six were excluded being in 
languages other than English. Subsequently, three papers were excluded since the 
follow-up period appeared to be less than 2 years and one was excluded for not 
reporting failures. Thus, 15 studies were included after the second selection. The 
observer-agreement of the three students as regards the second selection procedure 
was lowest for the item 'preparation described' with a Kappa coefficient of 0.49 
(sd 0.16). Higher Kappa's were observed for 'location described' and 'outcome 
shown as failures', with a Kappa-coef of 0.76 (sd 0.23) and 0.77 (sd 0.22) 
respectively. Full agreement was observed with the remaining five items (Kappa-
coef of 1 or 100% agreement). With three studies consensus on inclusion had to be 
reached on one item, and with three studies consensus on inclusion had to be 
reached on two items. In addition to the 15 studies selected (Table 2-4), one study 
(Walls, 1995a; Walls, 1995b) was excluded since the indication for treatment was 
different to the other studies. It appeared that in that study high risk patients to VR-
fracture (patients with highly worn dentitions and signs of bruxism) were treated 
with large VRs, which could be of influence to the overall survival results. 
Table 2-3 Studies (N=25) included after the first selection procedure (first 
author and year of publication, in alphabetical order). 
Barnes, 1992; Calamia, 1989; Chnstensen, 1991, Coyne, 1994; Dunne, 1993; Hoffding, 1995; Hu, 
1993; Jensen, 1986; Jordan, 1989; Karlsson, 1992; Kourkouta, 1994; Nordbo, 1990; Nordbo, 1994; 
Reíd, 1988; Rivkin, 1985; Roberts, 1983; Rosendahl, 1990; Rucker, 1990; Shi, 1992; Strassler, 1989; 
Grunsven van, 1987; Verplancken, 1990; Walls, 1995A and 1995B; Walls, 1988; Welbury, 1991. 
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Table 2-4 Studies (N=14) included after the second selection procedure. 
1. 
2A. 
2B. 
3. 
4. 
5. 
6A. 
6B. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Paper 
Reid, 1988 
Calamia, 1989 
Calamia, 1989 
Jordan, 1989* 
Strassler, 1989 
Nordb0, 1990 
Rucker, 1990 
Rucker, 1990 
Christensen, 1991 
Karlsson, 1992* 
Dunne, 1993 
Roberts, 1983 
Rivkin, 1985 
Heffding, 1995 
Welbury, 1991 
Walls, 1988* 
Type of VR 
porcelain 
porcelain 
porcelain 
porcelain 
porcelain 
porcelain 
porcelain. 
indirect composiet 
porcelain 
porcelain 
porcelain 
preformed acrylic 
preformed acrylic 
preformed acrylic 
direct composite 
indirect composite 
Duration 
4 years 
3 years 
2 years 
4 years 
2.5 years 
3 years 
2 years 
2 years 
3 years 
n.a. 
2.7 years 
2 years 
2.3 years 
5 years 
1.5 years 
2 years 
Number 
181 
43 
72 
80 
291 
135 
43 
41 
165 
119 
542 
175 
71 
77 
289 
320 
@ 
@ 
@ 
@ 
@ 
# 
* = papers excluded for construction of mean survival result. 
n.a. = not applicable 
@ = corrected for premolers and censored cases where possible 
# = corrected for premolers and censored cases not necessary 
The results of the quality assessment of the 14 studies included are shown in Table 
2-5. Observer agreement while performing the assessment varied between a Kappa-
coef of 0 (percentage agreement 64%) to a Kappa-coef of 1; most of the items 
showed substantial agreement. In 32 out of 238 cases consensus had to be reached. 
After consensus, the main field with the most credits was 'dental methodology' 
with a mean total score of 8.3 (sd 1.5) out of the maximum score of 12. This 
results mainly from high scores on the items 'treatment protocol' and 'materials 
stated'. The field 'statistical methodology' showed a low mean score (6.3 (sd 2.3)), 
mainly due to few credits regarding 'statistical procedures' and 'reliability'. 'Major 
endpoints' of the studies did not receive full credit in all cases. The weighted 
overall mean quality score, or GSP-score, was 0.57 (sd 0.09), with 0.44 as the 
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Table 2-5 Overall quality assessment scores of the included studies. 
item kappa mode mean 
score 
GSP-score 
per item 
study methodology 
type of study 0.36 
conditions 1 
representativity of the sample 0.43 
follow-up period 0.40 
statistical methodology 
numbers 0.88 
origin of percentage failures 0.75 
statistical procedures 1 
reliability 1 
1.4 
1 
2.1 
2.4 
2.1 
1.8 
1.6 
1.1 
0.03 
0.03 
0.06 
0.05 
dental methodology 
treatment protocol 
materials 
operators 
design of restoration 
evaluation methodology 
major endpoints /failure 
site of VRs 
other evaluation criteria 
observers 
1 
0.68 
0.88 
0.76 
0 (64% agreem.) 
0.89 
0.71 
0.40 
3 
2 
1 
1 
2 
1 
2 
1 
2.6 
2.3 
1.6 
1.9 
1.7 
1.9 
1.5 
1.4 
0.03 
0.03 
0.02 
0.02 
0.05 
0.05 
0.04 
0.03 
0.03 
0.03 
0.03 
0.02 
aim of the study 1 1.1 0.01 
overall GSP-score 0.57 
minimum and 0.69 as the maximum. The GSP-scores of the individual studies were 
not significantly different between the two observers (paired t-test, df=13, p> .05; 
correlation coefficient r=0.952, p<.001). 
Although the selection procedure was aimed at the inclusion of studies with a 
common study outcome, it appeared that the denominator 'failure' (and/or censored 
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data) could not always be retrieved in a way that survival curves can be con-
structed. Therefore, two studies were excluded for the purpose of survival estima-
tion (marked in Table 2-4). Furthermore, in Study number 1 a distinct bonding 
technique was applied to a part of the sample and all of these VRs failed. The 
technique is regarded as insufficient and those cases were excluded. During Study 
number 2 a change of protocol was initiated and this study, therefore, was regarded 
as two studies: number 2A before and number 2B after the adaptation of protocol. 
A division also applies to Study number 6 that studied a relative effect of two 
treatments; the two groups were split. From the homogeneity test of the data in 
Fig. 2-1 and 2-2 it can be seen that the range of the cumulative proportions of 
survival is relatively wide for porcelain as well as for preformed acrylic VRs, 
indicating that the aggregated mean results should be interpreted with restraint. 
From the direct as well as the indirect composite VRs only one study was avail-
able. Furthermore, it appeared difficult to combine the GSP-score with the sample 
size of each study to obtain a weight factor in the survival result and this weighing, 
therefore, was not applied. The combined survival curve of the nine studies on 
1552 porcelain VRs together with the combined survival curve of the three studies 
on acrylic VRs (N=323) were shown in Fig. 2-3. After three years the cumulative 
proportion of survival for porcelain VRs appeared to be 0.92 (se 0.01) and for pre-
formed acrylic VRs the cumulative proportion was found to be 0.74 (se 0.03). 
After 10 years the proportion survival was 0.28(se 0.06) for preformed acrylic 
VRs, based on the data from one study that proceeded after three years. From the 
result of one study on direct resin composite VRs (N=289) a survival estimate of 
0.80 (se 0.03) after two-and-a-half years was constructed, and the one study on 
indirect resin VRs (N=41) showed a cumulative estimate of 0.80 (se 0.07) after 
two years. 
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Figure 2-1 Homogeneity test on the cumulative proportion of survival of studies 
on porcelain VRs at the 2-years follow-up. Horizontal line at 0.93 is 
overall survival at 2 years. Legend to data within the bars: X = GSP-score < 
0.55; Y = GSP-score ä 0.55. 
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Figure 2-2 Homogeneity test on the cumulative proportion of survival of studies 
on preformed acrylic VRs at the 2-years follow-up. Horizontal line at 
0.81 is overall survival at 2 years. Legend to data within the bars: X = GSP-
score < 0.55; Y = GSP-score ä 0.55. 
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2.4 Discussion 
Meta-analyses have been used increasingly in dentistry in recent years (Proskin and 
Volpe, 1994). The purpose of this method is to objectively retrieve information 
from (clinical) trial reports that study the same topic, and to combine the data to an 
overall result. The advantage over the conventional review is that the authors have 
to restrict themselves to the information that is comparable between studies. The 
combined results can be valued which make the inference of data less complicated 
than the descriptive conclusions of a review. A disadvantage is that a substantial 
part of the data cannot be incorporated in the analysis and that the construction of a 
mean result risks a low number of useful data. Interpretative reading of information 
is not part of the analyses and worthwhile details may not be used. 
Papers available on a subject are collected and using a meta-analytic approach the 
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references are selected for a common output presentation. A meta-analysis is, as all 
studies, subject to bias. Bias can be present by excluding relevant information for 
not reporting the way as required by the meta-analytic criteria or by choosing the 
entry used in the literature search. Non-retrievable studies may be due to the 
source of publication, for instance non-English journals or conference abstracts. 
Another source of bias are studies that have not been published or where follow-up 
results have not been published after an initial paper. For instance, a paper that 
presented half-year results (Jensen and Soltys, 1986) has not been followed by 
longer term results. Beside alternative search paths in MEDLINE, no further attempts 
were made to reduce bias in this meta-analysis. Exclusion of papers presenting one-
year results or less should have arbitrarily reduce bias. 
The lower measure of agreement of the students regarding three items may be an 
indication of ordinary readers having difficulties retrieving information from an 
article. This can be attributed to the limited experience of students to read and 
interpret scientific articles. However, it may also be ascribed to unclear descrip-
tions or statements that can be regarded as important information. Sometimes this 
information was not found in the materials and methods sections, but was reported 
in the discussion section. It stresses the importance of a detailed and standard way 
of reporting scientific work to yield optimal information-transfer. 
The quality assessment of the studies included may serve as an instrument to 
indicate the usefulness of the treatment and reliability of the data for inference. As 
indicated by Hayes, the mean overall quality score of the studies provides an 
indication of the quality of clinical research on a specific topic, in this case follow-
up studies on VRs (Hayes et al., 1992). The set-up of the assessment might be 
biased, however. Two researchers composed the list of items, with reference within 
their department. International consensus would be desirable, in the field of clinical 
restorative research where different opinions are about. Nevertheless, from the 
assessment it appears that clinical follow-up studies on VRs are well designed as 
regards dental aspects. Methodological characteristics can be improved in order to 
use the data more efficiently. For instance, by calculating the power of the trial 
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before the start of the study, patient selection regarding numbers of patients to be 
included can be achieved more effectively. From the studies, information regarding 
censored data are often difficult to retrieve. It is assumed that censored cases do 
not differ from the remaining sample, but uncertainty occurs if patients with failed 
restorations do not attend recalls. The number of patients dropped-out before the 
end of the study may be an indication of the reliability of the result, and this 
information is of importance for the construction of an overall result from the 
individual study outcomes. This also regards the ages of the restorations and the 
moments in time of failures and censoring. 
It appeared that the presentations of results differs between studies, which hinders 
the formulation of a common study outcome. Failure was chosen as the most often 
reported parameter, but criteria of failure were in most instances not depicted at the 
start of the study. Failures were frequently retrospectively described. In these cases 
the assessment of the main important evaluative item is left with the personal 
interpretation of the operator without careful validation. Data from clinical studies 
can be better used if comparable measures of the same parameter are applied. Then 
the results of different studies can be summed in order to obtain an overall result. 
As a part of the meta-analytic approach, one would use the results of the quality 
assessment to categorise the studies and to weight the individual study results 
accordingly in order to obtain an overall survival result. Unfortunately the quality 
data did not permit such a categorisation in this analysis. Lower GSP scores 
appeared to be randomly distributed over factors such as 'sample size', 'type of 
VR' or 'preparation design'. Nevertheless, the quality assessment is considered to 
be valuable in describing the sample of the studies evaluated. 
The overall result of the studies included in this meta-analysis suggest a survival of 
porcelain VR restorations of more than 90% after three years, which is likely to be 
better than that of preformed acrylic VRs. Differences within these study-groups 
may be due to population differences. From the papers this information, however, 
could not be retrieved. Pippin found that VRs showed less deficiencies after a 
maximum of 5 years compared to porcelain-fused-to-metal crowns (Pippin et al., 
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1995). From this paper it can be read that such a result could be expected, since 
the VRs required less preparation of the teeth. Not only tooth tissue is saved by the 
construction of a VR, but also the working time spent may be less. A cost-effective 
analysis should consider all factors that are involved in the costs of treatment and 
the life-cycle costs (Creugers and Käyser, 1992; Kreulen, 1992). The reliability of 
the data that can be used for such an analysis depends on the quality of the clinical 
studies. Standardization of study methodology and reporting methodology can 
contribute to an effective summing of results. That does not imply that the 
individual researcher will be restricted in the performance of his or her clinical 
studies. The possibility to combine the results of different studies contributes to the 
challenge of evidence based dentistry. 
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CHAPTER 3 
The design of the clinical trial 
Chapter 3 • 
In this chapter details of the design of the clinical trial are described. The clinical 
trial was primarily designed to test a number of hypotheses related to the clinical 
functioning of veneer restorations (VRs). However, also uncontrolled effects were 
observed and evaluated in the observational part of the study. 
A group of 112 patients was selected for this study and 180 VRs were inserted by 7 
operators. The experimental variables were 'type of VR ', 'preparation design ' and 
Operator'. Operator and treatment options were assigned by balanced drawing. The 
veneer restorations were inserted following a clinical protocol and data were 
recorded using special data forms. The statistical procedures are presented. 
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3.1 Introduction 
This study can be classified as a controlled clinical trial. The prospective and 
longitudinal research design includes an experimental study and an observational 
study. 
In this chapter both the objectives of the study and the way to achieve these objec-
tives are presented. The first objective is to study treatment effects on patients. The 
second objective is to get insight in a number of possible patients' effects on treat-
ment results. An example of a treatment effect on the patient is for instance the 
effect of an unfavourable overhang of oversized veneer restorations on the adjacent 
periodontium. On the other hand, a retracted gingival margin around a discoloured 
anterior tooth makes it necessary to create an overcontour to cover the exposed dis-
coloured rootsurface. This is an example of a patients' effect on the treatment out-
come. The study of experimental treatment effects is organized as a randomized 
controlled clinical trial. This type of clinical trial is considered to be the principal 
method for obtaining a reliable evaluation of treatment effects on patients. In order 
to prevent placebo effects, the ideal design requires a double blind treatment. It is 
nearly impossible to conduct a double blind study in restorative dental trials. The 
operator is always aware of the differences in clinical procedures. It is possible to 
blind the investigator in cases that the appearance of the investigated treatments are 
very similar. However, in this study, the variables can be distinguished clearly. 
Also the patient is more or less aware of the treatment modalities but he or she has 
no knowledge about the effectiveness of the treatment and is considered to be not 
competent to judge the procedures. Therefore the design of this trial can be consid-
ered as single-blind. 
The observational part of the study is dealing with the patients effects on the treat-
ment. These effects can not be controlled by the investigator in another way than by 
patient selection and balanced treatment assignment, the results are therefore not 
valid for causal relationships. However, they might explain unexpected results in a 
retrospective analysis. 
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3.2 Research design 
The aim of the study can be described as follows: how do the different types of 
veneer restorations investigated, perform under clinical conditions in comparison 
with each other and which factors influence this behaviour? 
The following null-hypotheses were subject of this study: 
1. The type of veneer restoration has no influence on the clinical function of the 
restoration. 
2. The incisai preparation design used for the indirect techniques has no 
influence on the clinical function of the restoration. 
3. The operator involved in the fabrication of the veneer restoration has no 
influence on the clinical function of the veneer restoration. 
4. The patient has no influence on the clinical function of the veneer restoration. 
In addition to these hypotheses, data were collected for explorative analyses in 
order to find factors with eventual influence on the function of veneer restoration. 
A written protocol, including a number of agreements, was used in order to conduct 
the trial properly. The protocol was made before the study started and was based on 
a pilot-study. Prescriptions or agreements which were mentioned in the protocol 
were made concerning the following aspects: 
Patient selection. 
Operators. 
Balancing and randomization of patients. 
Experimental variables. 
Fabrication of the veneer restorations. 
Evaluation criteria. 
Data recording. 
End points and lost-to-follow-up. 
The protocol was screened on its ethical acceptability by the Committee Experi­
mental Research on Man of the Faculty of Medical Sciences, University of 
Nijmegen and was confirmed. 
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3.2.1 The patient selection 
The main reason for the selection of a certain group of patients has been already 
described in the introduction of this Chapter. It is the only way in which the 
investigator can have a certain influence on the patient effects on the treatment 
outcome. Two objectives should be kept in mind. The first is that the population 
selected is as homogeneous as possible. The more homogeneous the population is, 
the easier relationships between patient characteristics and treatment outcomes can 
be detected (internal validity). On the other hand, the selected sample should not be 
too selective. In that case, the results of the study can not be 'translated' to the 
parent population or to other populations. In other words, the sample should prefer-
ably be representative for larger populations of patients (external validity). 
The patients selected to be included in this study, had one or more teeth in the 
anterior region suitable for treatment with a veneer restoration for aesthetic reasons. 
Patients were recruited after an appeal was addressed to general practitioners in the 
region Nijmegen and Arnhem, and to staff-member and students of the Dental 
School of Nijmegen, to attend patients for possible participation in this study. Also 
an announcement in the university newspaper (KU Nieuws 26 april 1990) was used 
to attract attention of potential patients on the possibility for correction of their 
discoloured, malformed or malpositioned teeth in the upper anterior region. With 
the use of a selection guide (Appendix 1), a first selection of patients was made by 
the general practitioners, the staff-members or dental students. After the first selec-
tion (external), 155 patients were registered and screened to participate in the study. 
From this group 112 patients were selected for the study by the principal investiga-
tor. To give insight in possible selection bias, the reasons for excluding the patients 
from the study are presented in Table 3-1. Before entering the trial, all selected 
patients were informed about the study by an informed consent (Appendix 2) and 
agreed to it by signing an agreement form (Appendix 3). 
The selected patients were treated with a minimum of one veneer restoration up to a 
maximum of six veneer restorations in the upper anterior region. However, to avoid 
unwanted dependencies only a maximum of two veneer restorations per patient was 
included in this study. In cases that more than two VRs were made, two VRs made 
on the same incisai tooth type were included in the trial (first preference) and/or 
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two VRs were randomly selected (second preference). As a result, 263 teeth were 
treated with a veneer restoration, but only 180 veneer restorations participated in 
the study. The veneer restorations included in the trial were made on central 
(n=108) and lateral (n=72) incisors of the upper jaw. Among the 112 selected 
patients, 30 patients (27%) were visiting the Dental School for dental treatments on 
a regular basis. The other 82 patients (73%) came from general practitioners. The 
relevant characteristics of the patients are described in detail in Chapter 4. 
Table 3-1 Number of patients excluded from the study after first screening and the 
reasons of exclusion. 
Reason number of patients 
Patient wants to withdraw 
Cervical margin in dentin 
Pocket deeper than 4 mm 
Large restoration(s) 
Open space in upper anterior region 
Non-vital tooth without endodontic treatment 
Tooth is no upper incisor 
Other restoration necessary (i.e. crown) 
Patient does not agree with preparation of the tooth 
Deviation too complicated 
Total 
10 
3 
7 
7 
2 
1 
3 
5 
2 
3 
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3.2.2 The operators 
Seven dentists were involved in inserting the veneer restorations. All operators were 
part-time University staff-members and part-time general practitioners (1-24 years 
since graduation). At time the clinical study was started, the experience of the 
operators could be characterized as follows: 
Operator 1: dentist (four years), much experience with direct composite, no 
experience with indirect composite and porcelain. 
Operator 2: dentist (one year) some experience with direct composite, no experi-
ence with indirect composite or porcelain. 
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Operator 3: dentist (eleven years) very much experience with direct composite, 
some experience with porcelain and no experience with indirect 
composite. 
Operator 4: dentist (twenty-four years) some experience with direct composite and 
porcelain and no experience with indirect composite. 
Operator 5: dentist (eleven years) very much experience with direct composite, a 
little experience with porcelain and no experience with indirect 
composite. 
Operator 6: dentist (twenty years) much experience with direct composite, some 
experience with porcelain and no experience with indirect composite. 
Operator 7: dentist (twenty-three years) some experience with direct composite, no 
experience with indirect composite or porcelain. 
3.2.3 The experimental variables and fabrication 
Experimental variables (i.e. patient independent variables) are factors which can be 
controlled by the investigator and are in this study: 
1. The type of veneer restoration (variable with three levels): 
- Direct resin composite, referred to as type DC; in selected cases (need for a 
translucent incisai layer) Silux Plus (microfine) was completed with Valux TI 
(ultrafine compact-filled), 3M Co., St Paul, MN, USA). 
- Indirect resin composite (microfine), referred to as type 1С (Dentacolor, 
Heraeus Kulzer GmbH, Wehrheim, Germany). 
- Porcelain (fine crystalline), referred to as type Ρ (Flexo-ceram, Elephant 
Ceramics, Hoorn, The Netherlands). 
2. The preparation design (variable with two levels): 
- No incisai reduction (preparation 1). 
- Incisai reduction of 1.5 mm (preparation 2). 
3. The operator inserting the veneer restoration (variable with seven levels): 
- Operators 1-7. 
Only one type of veneer restoration was assigned per patient. Although a 'split-plot 
design', a study design in which both experimental and control restorations are 
applied to the same dentition, would have been the preferable design to control the 
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variability of patient characteristics, this was not chosen because of practical 
reasons. In that case the treatments would have taken too much time and would 
have complicated both the treatment and the evaluation unacceptable. The 'split-
plot design' was chosen for the variable 'preparation design'. 
The variable 'preparation design' was only applied for indirect techniques (type 1С 
and type P). In cases where two contralateral teeth were treated, one of the two 
possible preparations designs was assigned to one of the teeth by balanced drawing 
(criteria: Occlusion on the tooth' and 'number of restorations in the tooth'). 
Subsequently, the other preparation design was assigned to the other tooth. In cases 
where two different (non-contralateral) incisors (i.e. a central and a lateral incisor) 
were treated with an indirect technique, the teeth were assigned by a random draw 
for preparation design. 
The preparation of the incisai edge consisted either of no incisai reduction (prepara­
tion 1) or an incisai reduction of the tooth of 1.5 mm with a short bevel at the 
palatinal side of the edge (preparation 2, see Figure 3-1). No incisai reduction was 
performed in DC-VRs. The independent variables 'type of veneer restoration' and 
'preparation design' were studied in a factorial design with two variables with three 
and two levels respectively. Table 3-2 shows the factorial design and the sample 
sizes of the different treatment combinations. 
preparation 1 preparation 2 
Figure 3-1 Preparation of the incisai edge. Preparation 1: no incisai reduction 
and preparation 2: incisai reduction. 
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Table 3-2 Factorial design and sample sizes of the different treatment 
combinations. 
type DC type 1С type Ρ 
direct resin composite indirect resin composite porcelain 
preparation 1 60 30 30 
preparation 2 - 30 30 
preparation 1 = no reduction of the incisai edge 
preparation 2 = reduction of the incisai edge 
The 'operator' was also an independent variable, but was not included in the factor­
ial design and subsequently analyzed separately. An intern report includes the clini­
cal procedures, fabrication procedures and materials (Meijering, 1991). The clinical 
treatments were carried out with the help of a dental assistant. One session was 
used for the fabrication of a direct resin composite veneer restoration (type DC) 
while two sessions were needed for the preparation, impression, fabrication and 
placing of the indirect veneer restorations (types Ρ and 1С). The operators were 
instructed to fill in the forms, to make a second appointment if necessary, and what 
to do if the colour of the veneers was not acceptable. All the veneer restorations 
were finished and checked for occlusion by the principal investigator during the 
same session as the data of the baseline evaluation were recorded. 
The laboratory procedures were carried out following the manufacturers instruc­
tions. The indirect resin composite restorations were made by a dental technician of 
the laboratory of Heraeus/Kulzer at Rosmalen (The Netherlands) and the porcelain 
restorations were fabricated by a dental technician of the laboratory of Elephant at 
Hoorn (The Netherlands). 
For practical and financial reasons it was not possible to assign the dental techni­
cians involved independently from the experimental variable 'type of veneer 
restoration'. This dependency might be responsible for the introduction of a 
confounding factor, i.e. the influence of the dental technician. This was recognized 
as a serious but inevitable confounding factor under the given circumstances. In 
order to control this factor as much as possible, special instruction forms were 
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developed. With this instruction form it was possible for the operator to describe 
the desired appearance of the restorations. 
In cases that the desired appearance was not achieved, the operator was responsible 
for the final decision on what to do with the restoration, i.e. insertion of the given 
restoration or refusal and remake. Following this procedure, the factor dental 
technician became dependent on the operators decision and thus part of the balanced 
assignment procedure. 
3.2.4 Treatment and operator assignments 
After entering the study, first the variable 'type of veneer restoration' was assigned 
to the patient and subsequently the assignment of the variable 'operator' was perfor-
med. In cases in which a minimum of two incisors with an indirect technique were 
treated, the variable 'preparation design' was assigned to one of the teeth addit-
ionally. 
The assignment was done by computerized balanced drawing in such a way that the 
different treatments were distributed over the different operators and patients. This 
type of assignment prevented possible confounding. 
The balance drawing procedure can be divided into two parts. Part one was applied 
to all the cases involved and part two only for the assignment of the variable 
'preparation design'. In the first part the criteria for balancing were: 
Gender. 
Age. 
Reason for making a veneer restoration. 
Number of restorations present in the whole dentition. 
Number of teeth to be treated. 
In cases only one tooth had to be treated the following criteria were used: 
Number of restorations present in the tooth. 
Type of incisor. 
When two teeth were restored the next criteria were applied: 
Type of incisor. 
Contralateral or non-contralateral teeth. 
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'Type of VR' and 'operator' were assigned after the first part of the balanced 
drawing procedure was finished. The second part was only performed in cases in 
which two teeth treated with an indirect technique, were included in the study (see 
section 3.2.3). 
The criteria for two contra-lateral incisors were: 
Number of restorations present in the tooth to be restored. 
Occlusion. 
In cases of two not contra-lateral incisors, the preparation was designed by a 
random draw. 
Table 3-3 presents an overview of the different levels of balancing criteria. 
Where it was impossible to arrange a convenient appointment with the assigned 
operator, it was allowed to assign a new operator to the patient. 
The distribution of treatments actually performed by the operators is presented in 
Table 3-4. 
Table 3-3 Overview of balancing criteria and different levels. 
Balancing criteria Levels 
Step one: 
Gender 
Age 
Reason for treatment of a VR 
Restoration number of the dentition 
Number of teeth to be treated 
One tooth to be treated: 
Restoration level of the tooth 
Type of incisor 
Two teeth to be treated: 
Type of incisor 
Position of second tooth 
Step two: (two contra-lateral incisors) 
Restoration level of the tooth 
Occlusion 
female, male 
5 year classes from 10 to 80 
discoloration, malformed, 
malposition 
DMF-t of 0 - 14 or 15 - 28 
1 or 2 
0 or 1-2 or 3-4 surfaces of the tooth 
central or lateral 
central or lateral 
contralateral or not 
0 or 1-2 or 3-4 surfaces of the tooth 
yes or no 
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Table 3-4 Distribution of assigned patients and types of veneers to the operators. 
Operator number of patients number of VRs 
type DC type 1С type Ρ 
1 16 12 6 8 
2 16 7 11 9 
3 16 6 8 10 
4 15 10 6 8 
5 16 9 9 8 
6 16 7 9 10 
7 17 9 10 8 
total 112 60 59 61_ 
3.3 The evaluation 
3.3.1 Observations 
In this study various observations were carried out on: 1) the patients; 2) the treated 
teeth; 3) the veneer restorations. 
The aim of these observations was: 
To describe the patients group. 
To evaluate the effect of the experimental variables. 
To evaluate the clinical procedures. 
To explain and predict the oral behaviour of the veneer restorations. 
Following these aims, the observations can be distinguished into: 
1. Prognostic variables (i.e. experimental variables, location, number of VRs, 
reason for treatment). 
2. Evaluation criteria (outcome). 
The prognostic variables and evaluation criteria will be discussed in more detail in 
Chapter 4 and 5. Most of the observations made with respect to prognostic vari­
ables are considered as objective determinations (i.e. porcelain veneer restorations 
made on a lateral incisor). Other prognostic variables are based on subjective 
judgements. An example of such a subjective judgement is the assessment of the 
tooth colour before treatment (section 4.4). Most of the outcome observations may 
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be classified as subjective judgements meaning that estimation of the reliability and 
validity is necessary (section 3.3.2). 
The identification of measurable characteristics that quantitatively describe the 
quality and appearance of dental restorations has always been very difficult and are 
therefore focused on relatively easy measurable aspects as: fracture, marginal 
adaptation or loss of the restoration. However, there are many other factors 
relevant in the evaluation of performance of restoration, especially in esthetic 
restorations such as the veneer restoration. Ryge proposed a scheme for direct 
clinical qualitative evaluation, presently known as the United States Public Health 
Service criteria (Ryge, 1980; Stanford and Ryge, 1977). For the qualitative evalu-
ation of a number of outcome variables, modified USPHS criteria were used which 
are described partially in Chapter 5. 
3.3.2 Reliability of the evaluation criteria and evaluation measurements 
For the statistical interpretation, the reliability of the evaluation criteria was 
evaluated by determinating the inter-examiner agreement. Nearly all the patients 
were measured in duplo for a number of evaluation criteria. Some criteria were 
measured for all upper anterior teeth by the principal investigator and by the 
operator at different treatment sessions. These criteria were: 
Occlusion. 
Discoloration of the gingiva. 
Wear. 
Retraction of the gingiva. 
The following criteria were assessed by two observers at the same time (plaque and 
bleeding) or in the same session: 
Plaque. 
Bleeding on probing. 
Pocket depth. 
The Cohen-Kappa coefficient was used to measure the agreement between the 
different observers. The Cohen-Kappa coefficients may be interpretated as the 
agreement between the observers after that the agreement to the expected by change 
is eliminated. It serves as a measure for intra-observer but especially for inter-
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observer reliability and is applicable for nominal scale measurements (Landis and 
Koch, 1977; Cohen, 1960). 
Ρ - Ρ 
Kappa = 
1 -Pc 
P„ :is the observed proportion of agreement 
P
e
 :is the expected proportion of agreement by chance 
The Kappa statistic is considered to be an appropriate method to evaluate reliability 
in dental measurements (Brunette, 1996). In Table 3-5 a six-point scale for 
interpreting the Kappa coefficient is presented. 
Kappa coefficients below 0.35 are often seen in studies on the reliability of many 
kinds of clinical variables in medicine. In dental studies, Kappa coefficients of 0.22 
for plaque assessment up to 0.80 for dental caries are reported. Weighted Kappa 
coefficient is considered the most useful statistical method in assessing the 
reliability of this type of measurements (Spolsky and Gornbein, 1996). The 
weighted Kappa coefficients for the inter-observer agreement of the different 
evaluation criteria in this study are presented in Table 3-6. 
The weighted Kappa coefficients found in this study vary substantially from 0.26 
(assessment of wear on the buccal sites of the upper anterior teeth) up to 0.75 (for 
assessment of bleeding on probing). 
3.3.3 Data recording 
An overview of the main items in the forms used for recording of observation data, 
is given in Appendix 4. Table 3-7 presents the timing of the data recording. 
The forms A01 and A03 were recorded by the principal investigator. Form A02 
was recorded by the investigator and an additional observer with the purpose to 
collect a number of duplo measurements. The form A01 contained information 
about age, gender, education, insurance system of the patient, reason for treatment 
(as indicated by the patient), aetiology (as assessed by the investigator), time of 
existence, visibility of teeth during smiling, number of decayed, missed and filled 
teeth, parafunctional habits, trauma and previous bleaching. 
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Table 3-5 Six-point scale for interpretion of the Kappa-coefficients. 
0.00 poor 
0.00 - 0.20 slight 
0.20 - 0.40 fair 
0.40 - 0.60 moderate 
0.60 - 0.80 substantial 
0.80 - 1.00 almost perfect 
Table 3-6 Results of the inter-observer agreement for the different evaluation 
criteria. 
Evaluation-criteria 
Occlusion 
Discoloration of gingiva 
Wear buccal 
Wear incisai 
Retraction of gingiva 
Plaque 
Bleeding on probing 
Pockets 
Staining 
Kappa coefficient* 
0.49 
0.32 
0.26 
0.31 
0.57 
0.45 
0.75 
0.56 
0.67 
Standard error 
0.04 
0.07 
0.06 
0.04 
0.05 
0.02 
0.01 
0.01 
0.02 
% agreement 
74 
90 
85 
58 
90 
60 
87 
85 
86 
* weighted 
For the anterior upper teeth additional information was: the number of restorations 
present, wear (incisai and cervical), and retraction and discoloration of the gingiva. 
Some of the data in this form were used to assign the type of veneer, the 
preparation design and the operator. Forms A01 as well as A02 also contained data 
about the oral hygiene and gingival health and were measured by two observators. 
The plaque score, bleeding after probing and pocket depth were measured for so 
called Ramfjord teeth and the upper anterior teeth for all surfaces (see Chapter 4) 
(Ramfjord, 1959). Form A03 contained the opinions of the patient about their own 
teeth as well as information about their habits with respect to eating and drinking of 
staining agents, smoking habits and usual oral hygiene procedures. 
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Table 3-7 Timing of the data recording. 
form 
A01 
A02 
A03 
BOI 
C01/C02/C04 
C03/C05 
D01 
D02 
E01/E02/E04 
Q01/Q02/Q04 
FOI 
ROI 
time of measurement 
baseline 
baseline 
baseline 
baseline 
insertion of the VR 
insertion of the VR 
first evaluation 
first evaluation 
lA, 1, 2 years evaluation 
Чг, 1,2 years evaluation 
failure 
repair 
information about 
patient, patient's dentition 
patient's dentition 
questionnaire of the patient 
patient's dentition 
treatment 
treatment 
clinical evaluation 
patient's evaluation 
clinical evaluation 
patient's evaluation 
failure and failure characteristics 
retreatments 
Form BOI was recorded by the assigned operator, before starting the treatment. It 
contained duplo measurements of data of the anterior upper teeth about restorations, 
incisai and cervical wear, recession of the gingiva and discoloration of the gingiva 
which were also recorded on form A01. 
The C-forms contained data about the treatment procedures, such as date of 
insertion, preparation design and time needed to accomplish the clinical procedures. 
Forms D01, EOI, E02 and E04 contained results of the evaluation of the treated 
teeth (USPHS criteria) and information about the gingival health (plaque, bleeding 
after probing, pocket depth) and if necessary the need for follow-up treatments. 
Forms D02, Q01, Q02 and Q04 were recorded by the patient and are focused on 
the satisfaction of the patient with the veneer restorations. It contained data about 
shade, function of the restoration, complaints and degree of satisfaction. Also data 
about oral hygiene procedures for cleaning the teeth and (para)functional habits 
were included. 
Forms FOI and R01 were the failure and repair forms. FOI contained information 
about the mode of failure (chipping, fracture or dislodgement of the veneer 
restoration or tooth and caries). R01 contained data about the repair of the VR and 
retreatment procedures of the tooth. 
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3.3.4 End of follow-up of veneer restorations and patients 
Premature loss of data (drop-out) may influence the power of the study. Moreover 
the drop-out may be selective and may introduce bias. Other clinical trials at the 
Nijmegen Dental School showed a mean patient recall rate of approximately 95% 
after 3 years which is considered to be acceptable (Hendriks, 1985; Creugers, 
1987; Plasmane, 1989; Verzijden, 1993). 
Problems which were reason to stop the study could occur on the different object 
levels. On patient level, the study could not be continued in case the patient with-
drew or in cases all teeth with veneer restorations which entered the study were 
excluded from further participation in the project. 
On tooth-level, the reasons to discontinue the study were: 
Fracture of the tooth, need for a crown. 
Failure of the restoration during the follow-up resulting in replacement of the 
VR (the same or a different type). 
All patients were informed about the evaluation recalls and the procedure in case of 
problems and failures. They were asked to contact the investigator so soon as 
possible if they detected any problem with the veneer restoration. 
A patient was recorded 'lost to follow-up' in case no evaluation data were available 
at the baseline (D01/D02 form) or after two years (E04/Q04 form). 
3.4 Statistical procedures 
3.4.1 Interim analysis 
This experimental clinical trial is a longitudinal study which was originally planned 
to run for a time of 5 years of evaluation. An interim analysis was planned after 
two years of evaluation of the restorations. The results of the interim analysis of 
different treatment types are very important to stipulate if the clinical study is 
ethically acceptable (Pocock, 1983). Moreover clinicians are interested in early 
findings and results, as they want to put them into practice as soon as possible. The 
drawback of this analysis might come up with respect to: 1) practical organization, 
2) interpretation of the results and 3) the overall reliability of the tests. Some 
findings are only results of short-time effects and are not interpretable for long-time 
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conclusions. In this trial the protocol supplies agreements concerning the nominal 
significance levels for statistical analysis of the experimental variables. These levels 
are referred to an overall significance level of a = 0.01 and for interim evaluation 
of α = 0.05. 
3.4.2 Statistical analysis 
The experimental variables 'type of restoration' and 'preparation design' were 
analyzed first using Chi-square tests for comparison. 
The variable 'operator' and the explorative variables, were analyzed using the Log-
Rank test and the Breslow test. Both these tests are based on ranks, with 
modifications for censored observations. The Log-Rank test is sensitive for 
differences at the end of the curves; the Breslow test is more appropriate for the 
first part. Kaplan-Meier curves were made for visual presentation (Kaplan and 
Meier, 1958). 
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CHAPTER 4 
The patients involved 
in the clinical study 
Chapter 4 
A group of 112 patients participated in the clinical trial. Information about the 
patients is presented at different levels. The first level is dealing with a number of 
patient characteristics, such as age, gender, level of education and way of health 
insurance. The second level includes the dentition characteristics with general 
information about the DMF-t, oral hygiene and periodontal health. For the last two 
criteria two groups of teeth, the 'Ramfjord-teeth' and the 'upper anterior teeth' 
were compared. The third level of information is centred on the 'upper anterior 
teeth' with information about the shade and visibility of the teeth. Level four 
contains data about the 180 teeth involved in the study. For example reasons for 
making a VR, type of treated teeth and causes of treatment. 
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4.1 Introduction 
The population of the clinical trial has to be representative to allow extrapolations 
of the conclusions to a larger population. Selection of the subjects has a great 
influence on the representativity of the patient group. Moreover, it has been 
suggested that various groups of patients have different attitudes towards the aes-
thetic appearance of their teeth (Vallitta et al., 1996). In this study the selection 
criteria were chosen in such a way that a homogeneous group of patients was avail-
able (Appendix 1) and this will not always result in a representative sample. How-
ever, the results of the study should also be interpretable for other patients. There-
fore detailed information about the sample is presented. When possible, this infor-
mation is compared to information known from the Dutch National Dental Survey 
study (DNDS-study) which was performed in 1986. The results of the DNDS have 
been reported in various articles and are dealing with the prevalence of dental 
disorders, dental attendance, dental behaviour or dental treatment needs 
(Burgersdijk et al., 1991a, 1991b; Frankenmolen, 1990; Heling, 1990; Kalsbeek et 
al., 1991; Kanter et al., 1992; Karsten et al., 1992; Kroeze et al., 1990; Visser et 
al., 1991; Willemsen et al., 1994). In this Chapter, the information about the 
patient sample is presented at four levels: 
1. General information about the patients. 
2. General information about the patients dentitions. 
3. General information about the upper anterior teeth. 
4. Specific information about the teeth which were treated with a veneer 
restoration. 
The data were collected immediately after the patient entered the study and prior to 
the fabrication of the veneer restoration. 
4.2 The patients 
As mentioned in Chapter 3, 112 patients participated in this study. The age distribu-
tion of the patients is given in Figure 4-1. At the start of the study the range was 14 
to 74 years. The average age of the patients was 30 years. Information with respect 
to gender and socio-economic features of the group is also given in Table 4-1. 
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-15 16-20 21-23 26-30 31-35 36-40 41-45 46-50 51-53 56-
years 
Figure 4-1 Age distribution of the patients. 
Table 4-1 Distribution of patients according to gender, level of education and 
health insurance. 
N % 
Gender 
female 
male 
Level of education 
elementary vocational training 
secondary education 
university 
Health insurance 
national health insurance 
private insurance 
80 
32 
14 
49 
49 
57 
55 
71 
29 
12 
44 
44 
51 
49 
The majority of the patients was female. Fourtyfour percent of the patients had a 
university level of education, while 56% of the patients had an elementary voca-
tional training or secondary education. The dutch health insurance knows two 
systems of health insurance and the type of insurance is regulated by law and 
depends on the income of the patient. Patients with a year income less than Dfl. 
53,200.- (1991) were obligatory insured by the national health insurance (51%) 
while the other patients (49%) with an income more than Dfl 53,200.- had to 
arrange their own private health insurance. 
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4.3 The patients' dentitions 
General data were recorded to describe the patients dentitions on a rough scale and 
included: 
1. Number of decayed, missing and filled teeth (DMF-t). 
2. Level of oral hygiene and periodontal condition. 
Table 4-2 presents the percentage distribution of missing teeth and restored teeth of 
the complete dentition as well as the missing and restored teeth in the upper anter-
ior region. 
Table 4-2 Percentage distribution of the number of missing teeth and restored 
teeth in the complete dentition and in the upper anterior region. 
number of teeth 
Missing 
0 
1 - 2 
a: 3 
Restored 
0 - 4 
5 - 9 
10- 15 
16-20 
> 21 
complete dentition 
55 
24 
21 
8 
16 
25 
31 
20 
upper anterior 
94 
6 
-
64 
36 
-
-
-
The mean number of the DMF-t per patient was 16 (sd=6.4). The number of de-
cayed teeth was very low, there were only seven patients with 1 or 2 decayed teeth 
in the dental arch. Only 8% of the patients had a removable prosthesis in the upper 
or lower jaw. 
For the criteria 'oral hygiene' and 'periodontal condition' two different sets of teeth 
were selected for evaluation. Group 1 uses the 'Ramfjord' teeth, including the 
teeth: 16, 21, 24, 36, 41 and 44, to represent the complete dentition (Ramfjord, 
1959). Group 2 uses the upper anterior teeth: 13, 12, 11, 21, 22 and 23. The 
criterion 'plaque' was measured on the buccal surface of the tooth by visual 
inspection and eventually by scraping with an explorer. 'Bleeding on probing' was 
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Table 4-3 Different criteria with scorings and levels for the assessment of the 
periodontal condition. 
criterion score levels 
Plaque 
Bleeding on probing* 
0 
1 
2 
3 
0 
1 
no plaque accumulation 
plaque accumulation detected by a probe 
running across the tooth surface 
some plaque accumulation detected by 
the naked eye 
substantial plaque accumulation 
no bleeding 
one to several insolated bleeding-
points or a small blood area appearing 
interdental triangle filled with blood 
or profuse bleeding when probing 
Pocket depth 3 mm or more number of millimetres 
within 10-15 seconds after probing 
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Table 4-4 Percentual distribution of mean plaque score, bleeding score and 
pocket assessment per patient for 'Ramfjord' teeth and upper anterior 
teeth. 
Ramfjord upper anterior 
0 
1 
2 
Bleeding 
0 
1 
2 
Pockets 
0 < χ < 4 
χ > 4 
11 
64 
25 
54 
43 
3 
88 
12 
23 
59 
18 
58 
38 
4 
100 
-
was 0.54 (sd = 0.43). Moreover, in the complete sample only eight surfaces in the 
upper front region had a pocket of 5 mm or more. 
As could be aspected the levels of 'oral hygiene' and 'periodontal condition' were 
better in the upper anterior region than for the Ramfjord teeth. 
All the patients used a toothbrush and toothpaste for at least once a day and dental 
floss was regularly used by two thirth of the patients. Other oral hygiene devices to 
clean the teeth like tooth-picks, interdental brushes or rinsing liquid were minimally 
used by 7% of the patients. 
Smoking and dietary habits may have an influence on discoloration of teeth and 
tooth-coloured restorations and were therefore also recorded by interviewing the 
patients (Dietschi et al., 1994; Khokhar et al., 1991). An overview is given in 
Table 4-5. 
4.4 The upper anterior teeth 
The results of the assessments of plaque, bleeding on probing and pocket depth are 
shown in Table 4-4. No pockets deeper than 4 mm were found for treated teeth. 
Data about shade and visibility of tooth and gingiva were recorded to describe the 
upper front teeth. The measured 'basic shade' is the mean shade of four upper 
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Table 4-5 Percentage distribution of smoking and dietary habits. 
Habit 
smoking 
tea 
coffee 
wine 
citrus fruit 
never 
68 
26 
22 
46 
24 
sometimes* 
12 
55 
40 
38 
49 
regularly" 
14 
14 
31 
10 
13 
excessive* 
6 
5 
7 
6 
14 
A = 1 - 4 sigarets or 1-3 cups of tea, coffee or wine a day or 1-3 citrus fruits a week 
* = 5 - 1 4 sigarets or 4-6 cups of tea, coffee or wine a day or 4-6 citrus fruits a week 
# = 15 or more sigarets or 7 or more cups of tea, coffee or wine a day or 7 or more citrus fruits a 
week 
incisors. The basic tooth shade is evaluated by matching the centre of the natural 
tooth. First the shade was matched to the family hues (Vita Lumin A, B, C, or D) 
and then arranged according to the value shade (1, 2, 3, or 4) (Miller, 1994; 
Chiche and Pinault, 1994). 
These measurements were performed with the same shade guide because not all the 
vita-shade guides are identical (Ryther et al., 1993; Groh et al., 1992). The first 
impression of shade is the most important because spontaneity gives the best results. 
To get insight in the dissension of the colour of upper incisors a four point scale 
was used. The scale is based on the Vita Lumin colour guide: 
1. Light: Bl; B2; Al; Cl; D2. 
2. Moderate: A2; A3; C2; D3; D4. 
3. Dark: A3,5; A4; B3; B4; C3; C4. 
4. Deviating: different colour than the vita lumin colour shades. 
The distribution of the patients according to the used colour scale is presented in 
Table 4-6. The visibility of the gingiva of the upper jaw was scored by observation 
of the patient during conversation and smiling. The gingiva was recorded 'visible' 
when more than only the interproximal gingiva was shown. Thirteen per cent of the 
patients showed their gums of the upper jaw during speaking and this increased to 
51% when smiling. 
Table 4-7 presents an overview of the visibility of the gingiva of the upper jaw 
during talking and during smiling. 
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Table 4-6 Percentage distribution of the basic shade of the upper incisors accor-
ding a four point colour scale. 
colour 
light 
moderate 
dark 
deviating 
incisors 
70 
17 
10 
3 
treated teeth 
24 
24 
22 
30 
Table 4-7 Percentage distribution of the visibility of the gingiva of the maxilla 
during speaking and smiling. 
visibility speaking smiling 
not visible 87 49 
visible 13 51 
4.5 The teeth involved in the study 
In this study 180 teeth were treated. The reasons for making veneer restorations 
were recorded as a correction of colour (62%), shape (24%) or masking of a 
position (14%). In 17% of the cases, the teeth (n=30) were previously provided 
with a veneer restoration but these restorations were not acceptable for the patients 
any more. Nine percent of the teeth (n= 16) were bleached (non-vital) in the past. 
The majority of the VRs which were already present was made to masque discolou-
red teeth (73%). Sixty percent of these teeth were central incisors. An overview of 
the reasons for making a VR, according to the number of years that the problem 
already existed and to the tooth type is presented in Table 4-8. 
Table 4-9 presents an overview of the aetiology of the condition which was the 
reason for treatment. Twenty-five percent of the treated teeth were sound, 23% had 
an one-surface restoration, 16% had one or more two-surface restorations and 36% 
of the teeth had large restorations, covering three or four tooth surfaces. In 36% of 
the patients a previous trauma was reason for endodontic treatment or a crown 
fracture. Parafunctions may have an important effect on the restorations and were 
recorded. 
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Table 4-8 An overview of the reasons for making veneer restorations and an indi-
cation of the time that the problem existed (in years) according to the 
tooth type. 
colour shape tooth position total 
4 
24 
25 
54 
73 
31 
51 
57 
41 
Time 
< 1 year 
1 -5 years 
5 - 1 0 years 
^ 1 0 years 
congenital 
Tooth type 
12 
11 
21 
22 
3 
22 
19 
39 
28 
17 
33 
40 
21 
-
-
2 
3 
21 
6 
6 
7 
7 
1 
2 
4 
12 
24 
8 
12 
10 
13 
Table 4-9 An overview of the causes for treating the teeth (aetiology). 
reason N % 
endodontic treatment 58 32 
previous trauma of the tooth crown 7 4 
position of the tooth 47 26 
unacceptable restoration 34 19 
medication or congenital discoloration 29 16 
not known 5 3 
Most patients bite on a pencil (54%), 36% bite on their nails and a smaller group 
uses their teeth to open bags (26%). Also the level of incisai wear was scored as it 
may be an indicator for paramnctions. The following index was used: 
No visible wear (none). 
Incisai wear only in enamel (moderate). 
Incisai wear in enamel and dentin (excessive). 
The distribution of teeth according to the used wear index is presented in Table 4-
10, while the occlusion and vitality of the treated teeth is shown in Table 4-11. 
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Table 4-10 Percentage distribution of the level of wear of the treated teeth. 
level 
Wear 
incisai 
buccal 
none 
33 
86 
moderate 
47 
11 
excessive 
20 
1 
not measurable* 
2 
= due to presence of crown or other restoration 
Table 4-11 Percentage distribution of the presence of antagonistic contact and 
vitality of the treated teeth. 
level no yes 
Occlusion 21 79 
Vitality 36 64 
4.6 Patient retrieval 
At the start of the study 112 patients participated but during the treatment phase one 
tooth fractured. A non-vital lateral incisor fractured on removal of the temporary 
restoration and was subsequently excluded for further evaluation. At the one-year 
recall, 94% of the persons (n=105) were evaluated. Four patients were lost to 
follow-up and for another three patients the follow-up was stopped. At the two-year 
recall 85% of the persons (n=95) were seen. Eight patients were lost to follow-up 
because the moved to unknown addresses and the follow-up was stopped for another 
nine patients following failure of VR. Two persons who were absent at the one-year 
recall were present at the two-year recall. Table 4-12 gives an overview of the 
retrieval of the patients. 
4.7 Discussion 
The representativity of the population selected for this study is difficult to assess 
with respect to a number of variables because the DNDS study does not provide 
sufficient data for comparison. Moreover, if similar data were provided, the criteria 
did not match completely. Presence of plaque, for instance, was measured in the 
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Table 4-12 Distribution of the patient retrieval during the one and two year 
evaluations. 
recall 1 recall 2 
patient withdrawn (n) 7 17 
follow-up stopped 4 9 
lost-to-follow-up 3 8 
patients retrieval {%) 94 85 
DNDS study as percentage of the teeth covered by plaque partially, complete or 
not. In the present study a four point scale was used which was based on previous 
studies performed in the department. On the other hand, the visibility of the gingiva 
during smiling in both groups was comparable (in 51 % of the patients in this study 
the gingiva was visible during smiling while this was the case in 47% of the sub-
jects in the DNDS group). In the DNDS study, the mean number of teeth present in 
dentate persons between 15 and 74 years old showed a variation from 27.3 teeth for 
the younger persons to 14.3 teeth for the older persons (maximum per patient is 28 
teeth). The mean number of decayed teeth varied from of 1.2 to 2.4 teeth per 
person for the above mentioned groups while the mean number of filled teeth varied 
from 3.9 to 11.9 teeth per person. Comparing these numbers with the data in the 
present study it can be concluded that the mean number decayed and missed teeth is 
much lower in the VR study. However, the mean number of filled teeth was higher 
than in the DNDS study. This might be explained by the low number of missing or 
decayed teeth, a high dental care level, or differences in age groups. 
In conclusion can be stated that the data provided in this chapter do not allow an 
adequate comparison to the data of the DNDS study from a methodological point of 
view. It is clear that the population of this study is selected with respect to certain 
anomalies in the anterior region of the dentition. On the other hand, no indications 
were found that the population is this study is different from the Dutch population 
in such a way, that interpretation of the results for the Dutch population is not 
allowed. 
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2.5 Year evaluation of three 
types of veneer restorations 
This chapter is an edited version of: Meijering AC, Mulder J, Roeters FJM and Creugers NHJ: '2.5. Year 
of evaluation of three types of veneer restorations', and is submitted for publication to The Journal of Dentistry. 
Chapter 5 
In a clinical trial on veneer restorations (VRs), a total of 180 was evaluated. 
Following a strict protocol these restorations were made by seven dentists in 112 
patients on central and lateral maxillary incisors. The experimental variables were 
limited to 'type of VR' (either direct resin composite (DC), indirect resin composite 
(1С) or porcelain (P)), 'preparation design' and 'operator'. The patient-related 
variables investigated were: 'number of VRs, 'tooth-type' and 'vitality'. For quality 
assessment the parameters used were: 'anatomic form', 'margin adaptation', 
'margin discoloration ', 'colour match ' and 'caries '. The criteria used for these 
parameters were adapted from the USPHS criteria. Survival was defined at three 
levels: 1) complete survival (Sc), 2) functional survival (Sfl and 3) overall survival 
(So). The VRs were considered to have completely survived when no failure was 
detected during the follow-up period. The VRs were considered to have functionally 
survived when during the follow-up period a 'relative failure' occurred and when 
this was repaired successfully without 'absolute failure '. For So, both 'absolute - ' 
and 'relative failures ' were considered as end points. The experimental variables 
showed no significant influence on Sc. However, 'type of VR ' showed a significant 
effect on Sf and So both in favour of porcelain VRs. VRs on vital teeth showed a 
significant better survival than VRs on non-vital teeth at all survival levels. With 
respect to the quality assessment, it was found that significantly less staining was 
seen in P-type VRs when compared to 1С and DC-VRs. No significant differences 
were seen for the other quality parameters. Comparison of the mean bleeding 
percentages at different recalls, revealed a significant lower papillary bleeding 
index for both the veneered teeth as well as for the control teeth at the two-year recall. 
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5.1 Introduction 
This chapter presents the 2.5 years interim analysis of a long-term clinical trial on 
veneer restorations (VRs) which was conducted in the clinic of the department of 
Oral Function at the Dental School of the University of Nijmegen. The purpose of 
the study was to collect survival data and to assess some quality aspects of veneer 
restorations placed under controlled conditions and to find possible relations 
between survival and quality and 1) 'type of VR', 2) 'preparation design', 3) 
'operator' and 4) some patient-related variables. 
5.2 Materials and methods 
The design of the trial, the patients involved, the materials used and the examin­
ation criteria were described in detail in Chapters 3 and 4. The most important 
conditions are briefly described here. 
In this trial 180 veneer restorations were placed in 112 patients, using three 
different restorative materials and two different preparation designs. The VRs were 
placed by seven dentists in the Dental School of Nijmegen. The restorations were 
placed on central and lateral incisors in the Maxilla to improve aesthetics. 
The three types of veneer restorations were: 
1. direct resin composite, referred to as type DC (Silux Plus, 3M Co., St. Paul, 
MN, USA), 
2. indirect resin composite, referred to as type 1С (Dentacolor, Heraeus Kulzer 
GmbH, Wehrheim, Germany) and 
3. porcelain, referred to as type Ρ (Flexo-ceram, Elephant Ceramics, Hoom, 
The Netherlands). 
The criteria for patient selection are listed in Appendix 1. Reasons for treatment 
with a VR were discoloration (62%), malposition (24%) and malformation (14%). 
The majority of the 112 patients were female (71%) and 80% of the treated teeth 
were central incisors. Three types of VRs and seven operators were assigned by a 
computer balancing program. Each patient received only one type of VR. The 
experimental variable 'preparation design' extended to the incisai edge was also 
assigned by the computer program. In cases where two incisors of the same type 
(i.e. two central or two lateral incisors) were treated with an indirect type of VR, 
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one of the two possible preparation designs (preparation 1: no reduction of the 
incisai edge; preparation 2: reduction of the incisai edge, see Fig. 3-1) was assigned 
by the balancing program to one of the teeth. The other preparation design was then 
automatically assigned to the other tooth. 
The preparation of the cervical region was determined by the intensity of 
discoloration of the tooth. A shoulder preparation was made in case of discoloured 
teeth and a chamfer preparation in cases where no inconvenient discoloration was 
present. 
A first review session was planned one month after placement of the VR, this was 
also the baseline for the survival study. During the treatment phase (i.e. before the 
baseline) nine indirect restorations (1С and P) were not placed because of a serious 
mismatch between the shade of the restoration and the other teeth even after 
corrections, therefore the restorations were replaced by direct composite VRs. All 
teeth involved were firmly discoloured and determination of the shade with a 
regular Vita-shade guide was not possible in some cases. One non-vital tooth crown 
fractured during placement of the veneer and the tooth had to be restored with a 
crown. This VR (and the patient) was excluded from the analyses. 
The patients were examined during two evaluation periods: one approximately one-
year after the baseline (0.9-1.3 years; referred to as recall 1) and one after approxi­
mately 2 years (1.9-2.5 years; referred to as recall 2) and they were instructed to 
notify the principal investigator immediately if they suspected or detected a problem 
or failure. At recall 1, 105 patients still having a VR in function were evaluated. 
Four patients (6 VRs) could not be examined, two of them (3 VRs) attended recall 
2 while the other two were considered to be lost to follow-up. Another two 
patients, having one VR were not examined at this recall since the VR had failed. 
From two patients with two veneers each, one VR failed. A patient was recorded as 
lost to follow-up if no evaluation data from recall 2 were available for the analysis. 
At the two-year recall 95 patients with VRs still in function were seen: eight 
patients (13 VRs) were recorded lost to follow-up and nine patients were not 
examined because the VRs had failed. The drop-out as a result of not attending the 
two-year recall was randomly distributed over the experimental variables. The 
distribution of the evaluated patients and VRs during the respective evaluation 
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Table 5-1 Overview of patients and VRs evaluated at different evaluation periods 
including tooth type and tooth vitality of the treated teeth. 
Patients 
Number: 
1 VR 
> 1 VR 
Veneer restorations 
Type: 
DC 
1С 
prep 1 
prep 2 
Ρ 
prep 1 
prep 2 
Incisors: 
central 
lateral 
Vitality: 
yes 
no 
baseline 
111 (99%) 
43 
68 
179 (99%) 
69 
54 
31 
23 
56 
32 
24 
108 
71 
115 
64 
recall 1 
105 (94%) 
40 
65 
169 (94%) 
66 
48 
29 
19 
55 
33 
22 
104 
65 
112 
57 
recall 2 
95 (85%) 
35 
60 
155 (87%) 
59 
46 
28 
18 
50 
30 
20 
91 
64 
110 
45 
periods according to the a number of variables is given in Table 5-1. The distribu­
tion of assigned patients and 'types of VR' to the operators was given in Table 3-4. 
The restorations were evaluated for both survival and quality assessment. 
5.3 Survival assessment 
The survival analysis was based on two types of failure: 'absolute failures' and 
'relative failures'. An 'absolute failure' was defined as: loss, fracture or removal of 
the restoration and for appropriate treatment in need of a new restoration (a new 
VR or a crown). A 'relative failure' was defined as: fracture, chipping, dislodge-
ment or colour correction of the VR allowing repair or correction with a direct 
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resin composite material or rebonding without the need for a new VR or other 
restoration. AH VRs with a 'relative failure' were repaired by the principal 
investigator using a direct resin composite (Silux plus, 3M Co., St. Paul, MN, 
USA). 
Following the definitions of failure, survival was defined at three levels: 1) 
complete survival (Sc), 2) functional survival (Sf), and 3) overall survival (So). The 
VRs were considered to have completely survived when no 'absolute failure' was 
detected during the follow-up period. The VRs were considered to have functionally 
survived when during the follow-up period a 'relative failure' occurred and when 
this was repaired successfully (absolute failure excluded for this analysis; end 
points: relative failure). For the overall survival (So) both 'absolute failures' and 
'relative failures' were considered as end points. 
Problems such as a rough margin or staining of the restoration were considered as 
'maintenance problems' and not as failures (polishing of the restoration already 
solved the problem). This type of problems is included in the quality assessment 
analysis. 
Missing data were censored at the date of the last available information. 
Beside the effects of the experimental variables 'type of VR', 'preparation design' 
and 'operator' also the variables 'tooth type' and 'vitality of the tooth' were 
analyzed for influences on the different survivals. 
5.4 Quality assessment 
Quality of the restoration was assessed at two levels. For assessment of the 
restoration itself the USPHS (United States Public Health Service) criteria were 
used (Stanford and Ryge, 1977; Ryge, 1980) of which the criteria are given in 
Table 5-2. All recordings were assessed by one and the same observer. Along with 
these criteria, the restorations were evaluated at the two-year recall for the criterion 
'staining'. A restoration was recorded as 'stained' if a discoloration was seen that 
could be removed by polishing (with a rubber cup and polishing paste) of the 
restoration, a restoration was recorded as 'not-stained' if no discoloration was seen 
or if present discoloration could not be removed by polishing the restoration. If 
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discoloration was seen that could not be removed but could be covered with 
composite, this was recorded as a 'relative failure'. 
The treated teeth were evaluated using a number of periodontal indices. For this 
purpose the following indices were used: 
plaque index 
bleeding on probing 
pocket depth. 
Details and criteria for assessment of these indices were presented in Section 4.3 
(Table 4-3). So-called 'Ramfjord teeth' were used as a control of the experimental 
teeth and with the purpose to get an idea about the general oral hygiene and 
periodontal status in the whole dentition (Ramfjord, 1959). The teeth used for this 
indices were 16, 21, 24, 36, 41 and 44. 
The reliability of the periodontal indices was evaluated by determining the inter-
observer agreements between two calibrated observers by using the Cohen-Kappa 
coefficient as already discussed in Section 3.3.2. The Cohen-Kappa coefficients for 
'plaque accumulation' and 'pocket depth' were 0.45 and 0.56, respectively, and the 
percentages agreement 60% and 84%. As a result of this the reliability may be 
classified as moderate. The overall Cohen-Kappa coefficient of the bleeding index 
was 0.75 (percentage agreement: 87%), which may be classified as substantial. As 
a result, the recorded data for bleeding and probing were considered to be reliable 
and used for quality assessment. 
The Cohen-Kappa coefficient for the criterion 'staining' was calculated to be 0.67 
(percentage agreement: 86%), and as a result this criterion was considered useful 
for quality evaluation. 
Statistical methods 
Estimation of the survival curves was done with the Kaplan-Meier technique. 
Differences in curves were tested with Breslow and log-rank tests. Comparison of 
the criteria 'bleeding on probing' and 'staining' was done with Chi-square tests. 
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Table 5-2 USPHS criteria for qualitative restoration evaluation. 
ALPHA 
Anatomie form 
Is the restoration under-contoured, i.e. is the restorative 
material discontinuous with existing anatomic form? no • 
I 
yes 
I 
Is sufficient restorative material missing so as to expose the no • 
dentine or base? yes -
BRAVO 
CHARLIE 
Margin adaptation 
Is there visible evidence of a crevice along the margin into 
which the explorer will penetrate? 
yes 
l 
Is the dentine or base exposed? 
no 
no 
ALPHA 
BRAVO 
yes 
I 
Is the restoration fractured or missing in part of in toto? no • 
yes-
CHARLIE 
DELTA 
Margin discoloration 
Is there discoloration anywhere on the margin between the 
restorations and the tooth structure? 
yes 
no ALPHA 
Has the discoloration penetrated along the margin of the restorative no BRAVO 
material in a pulpal direction? yes CHARLIE 
Colour match 
Is there a mismatch in colour, shade and/or translucency between the 
restoration and the adjacent tooth structure? no ALPHA 
yes 
Is the mismatch between restoration and adjacent tooth structure no BRAVO 
outside the normal range of tooth colour shade and/or translucency? yes CHARLIE 
Caries 
Is there evidence of caries contiguous with the margin of the no ALPHA 
restoration? yes BRAVO 
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Table 5-3 Overview of the failure characteristics (numbers)' 
failure characteristic 
Chipping / fracture of VR 
Fracture of tooth 
Colour mismatch 
Dislodgement 
Marginal discoloration 
Caries 
Post operative sensibility 
Total 
absolute failure 
6 
2 
3 
-
-
-
-
11 
relative failure 
10 
-
3 
1 
2 
2 
2 
20 
* for definition of failures see Section 5.3 
5.5 Results 
Survival analysis 
All failures were detected by the patient themselves and in most cases these failures 
were seen and treated by the principal investigator within one week after the patient 
detected the failure. An overview of the failure characteristics is presented in Table 
5-3. As can be seen in this table, the majority of failures were related to fracture or 
chipping of the VR (52%) and to colour match problems (19%). Figure 5-1 
presents the complete survival (Sc) rates of the three different types of VRs as a 
function of time. During the follow-up period a total of 11 VRs (6%) were 
recorded as 'absolute failures'. All 'absolute failures' were found in composite 
VRs, four were seen in DC-VRs (6% of all DC-VRs) and seven in 1С-VRs (13% 
of all 1С-VRs). The functional survival (Sf) of the different types of VRs are 
presented in Figure 5-2. Fourteen 'relative failures' were detected in DC-VRs, 
three in 1С-VRs and three in P-VRs. The factors tested for influence on Sc, Sf and 
So survivals are presented in Table 5-4. The experimental variable 'type of VR' 
showed no significant influence on the complete survival (Sc). 
However, 'type of VR' showed a significant effect on Sf and So both in favour of 
porcelain VRs. From the patient related variables, the factor 'number of VRs' 
showed significant effects on the survival at two levels (Sc and Sf). 
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Table 5-4 Factors tested for influence on different survival levels. 
Factor 
Type of VR 
Preparation design 
Operator 
Vitality 
Tooth type 
complete (Sc) 
NS 
NS 
NS 
* 
NS 
Survival 
functional (Sf) 
* 
NS 
NS 
** 
NS 
overall (So) 
** 
NS 
NS 
*** 
NS 
ns = no significant influence, 
* = p < 0 0 5 , ** = p < 0 0 1 ; *** = ρ < 0 001 
íR 
CO 
> 
> 
¡э 
«J 
uu 
95 
90 
V 
-
* * * » „ 
-
- — 
"''•Чт
ты 
ι Ι ι I t Ι ι 
ч ^ 
1 , 1 
0.00 0.50 1.00 1.50 2.00 2.50 
DC-VRs 
years 
IC-VRs P-VRs 
Figure 5-1 Complete-survival (Sc) of the three types of veneer restorations 
(Kaplan-Meier). 
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Figure 5-2 Functional-survival (Sf) of the three types of veneer restorations 
(Kaplan-Meier). 
100 
95 
90 
Hb 
> 
• i—I 
> 
3 
И 85 
80 
0.00 0.50 1.00 1.50 2.00 2.50 
vital teeth 
years 
non-vital teeth 
Figure 5-3 Complete survival (Sc) of veneer restorations according to vitality of 
the tooth. 
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Table 5-5 Survival percentages (Kaplan-Meier) at the end of the follow-up period 
according to the different levels of variables. 
Variable 
Direct composite VR 
Indirect composite VR 
Porcelain VR 
Preparation 1 
Preparation 2 
Operator 1-7 
Central incisor 
Lateral incisor 
Vital tooth 
Non-vital tooth 
complete (Sc) 
91 
94 
100 
98 
95 
85-100 
96 
92 
97 
88 
Survival 
functional (Sf) 
80 
94 
94 
97 
90 
80-96 
88 
90 
93 
79 
overall (So) 
74 
90 
94 
95 
87 
77-95 
85 
85 
92 
71 
Since these effects had different directions for the different survivals, no effect was 
seen for the overall survival. VRs on vital teeth showed a significantly better 
survival than VRs on non-vital teeth at all survival levels (Figure 5-3). It appeared 
that 72% of the 'absolute failures' and 50% of the 'relative failures' were seen in 
non-vital teeth. Thirty-seven percent of these 'absolute failures' was related to 
colour problems and in 63 % of the cases a fracture of the VR or the tooth crown 
was found. The factors 'preparation design' and 'operator' had no influence on the 
different survival rates. The survival percentages at the end of the follow-up period 
according to the different levels of variables are presented in Table 5-5. 
Quality assessment 
The recorded ratings for the USPHS-criteria at baseline and one- and two-year 
recalls are presented in Table 5-6. Alpha scores were higher than 80% in most of 
the cases. 
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Table 5-7 presents the percentage distribution of experimental (veneered) and 
control teeth according to the bleeding on probing index at the start of the study and 
at the two-year recall. The difference between both measurement periods was 
statistically significant in favour of the two-year recall for both veneered and 
control teeth (Chi-square, ρ < 0.001). 
With respect to the parameter 'staining' it was found that 13% of the DC-VRs, 7% 
of IC-VRs and none of the porcelain VRs showed staining effects at the two-year 
recall. Statistical comparison of the different types of VRs revealed a significant 
difference between resin composite VRs (1С and DC) and porcelain VRs (Chi-
square, ρ < 0.001). 
Table 5-6 Percentuali distribution of recorded USPHS ratings according to type 
ofVR and time of ι 
Anatomic form 
Recall 0 
Recall 1 
Recall 2 
Marginal adaptation' 
Recall 0 
Recall 1 
Recall 2 
Overall 
Al Br Ch 
99 
88 
90 
89 
85 
96 
Marginal discoloration 
Recall 0 
Recall 1 
Recall 2 
Colour match 
Recall 1 
Recall 2 
Caries 
Recall 1 
Recall 2 
98 
89 
80 
59 
73 
99 
98 
0 
8 
7 
10 
13 
3 
2 
11 
20 
38 
25 
1 
2 
1 
4 
3 
1 
2 
1 
0 
0 
0 
3 
2 
-
-
assessment. 
Al 
99 
85 
96 
90 
80 
94 
99 
93 
94 
54 
67 
100 
100 
DC 
Br 
0 
6 
2 
10 
16 
6 
1 
7 
6 
46 
31 
0 
0 
Ch 
1 
9 
2 
0 
4 
0 
0 
0 
0 
0 
2 
-
-
Type of VR 
1С 
Al Br 
100 0 
85 15 
89 9 
83 13 
79 20 
98 0 
100 0 
83 17 
61 39 
58 40 
82 18 
100 0 
93 7 
Ch 
0 
0 
2 
4 
1 
2 
0 
0 
0 
2 
0 
-
-
Ρ 
Al Br Ch 
100 0 0 
96 4 0 
92 8 0 
95 5 0 
98 2 0 
98 2 0 
97 3 0 
91 9 0 
80 20 2 
67 24 9 
72 24 4 
98 0 -
100 0 -
DC = Direct composite, 1С-Indirect composite; Ρ = Porcelain, Al= Alpha, Br = Bravo; Ch= Charlie 
* no Delta's recorded 
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Table 5-7 Percentage distribution of experimental (veneered) and control teeth ac­
cording to the bleeding index at the start of the study and at recall 2. 
no bleeding 
point bleeding 
marked bleeding 
veneered 
52 
42 
6 
start < 
control 
47 
44 
9 
.*** > recall 2 
veneered 
73 
21 
6 
control 
73 
24 
3 
*** = ρ < 0.001 (veneered and control teeth) 
5.6 Discussion 
Survival analysis 
An interim analysis after a relatively short follow-up period has the advantage that 
some problems related to longitudinal studies are avoided. Such problems are the 
withdrawal of certain dental materials from the market and the change of clinical 
procedures and techniques. A disadvantage of an analysis after a short follow-up 
period is that differences between variables may be undetected as a result of a lack 
of statistical power. After all, the power is dependent on the sample size, the 
number and expected effects of variables, as well as on the actual number of 
events. In the present study, the number of events in study is considered to be 
relatively low (11 'absolute failures' and 20 'relative failures'). Moreover, 
interpretation is complicated by the fact that although there was distinguished 
between 'absolute' and 'relative' failures, the origin and appearance of failures was 
quite diverse. It should therefore be noted that interpretation from this interim 
analysis should be made with some reservations. In the 'relative failures', chipping 
plays an important role and is more often seen in resin composite with a low filler 
content such as the microfine used in this study (Willems et al., 1992; Lambrechts 
et al., 1982). The use of a hybrid resin composite at the incisai edge would increase 
the resistance against chipping fractures (Yamamoto and Takahashi, 1995; Braem et 
al., 1994). 
88 
2.5 Year evaluation of three types of veneer restorations 
In general the survivals found in this study are comparable with the results of other 
clinical follow-up studies as presented in Chapter 2. It should be mentioned that a 
number of indirect composite VRs and porcelain VRs were not placed because of 
the fact that the desired aesthetical quality was not reached. These 'problems' were 
not considered as failures since correction was possible before placement. However, 
when evaluating the advantages and disadvantages of the different techniques, this 
should be taken into account as a negative point for the indirect techniques. The 
majority of clinical studies in the dental literature were reporting the performance 
of porcelain VRs while only one report was published in which different types of 
VRs were studied. In that particular retrospective study porcelain VRs were 
compared with indirect resin composite VRs (Isosit). After two years, 20% of the 
resin composite VRs had failed (chipping and fracture), whereas no failures were 
seen in the porcelain VRs (Rucker et al., 1990). In another study 14% failures 
during a three-years follow-up period were reported in direct microfilled resin 
composite VRs (Welbury, 1991). 
Possible effects of tooth preparation were also discussed in other studies. Both 
incisai reduction and form of cervical margin preparation were included in that 
discussion. There are three aspects that have to be mentioned in this respect: (1) the 
strength of the VR (and the tooth), (2) the aesthetic appearance, and (3) the 
periodontal status of the tooth (plaque accumulation as a result of overcontour). At 
time of the start of this study, several authors had favoured a preparation design 
with incisai overlap from both a mechanical as well as from an aesthetical point of 
view (Calamia, 1985 and Highton et al., 1987). It was claimed that preparation 
with incisai overlap contributed to a better distribution of load forces and was 
consequently considered to be less prone to fracture (Highton et al., 1987). In the 
treatment of incisors with a crown fracture, porcelain veneers replacing the 
fractured incisai edge were stronger than veneers placed on intact teeth (Andreasen, 
1992). However, in an in-vitro study using dynamic stress analysis it was 
demonstrated that porcelain veneers without overlap were more resistant to load 
than overlapping veneers, while another study revealed no differences between 
different types of incisai margins (Hui, 1991 and Wall et al., 1992). In the present 
clinical study, no relation was seen between survival and incisai preparation design 
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for both indirect resin composite and porcelain veneers. In the light of the 
conservative approach of this type of restoration, it is therefore recommended to 
leave the incisai edge unprepared if possible and aesthetically acceptable. 
With respect to the aesthetic appearance as reported in another part of this study, 
no relation was seen between incisai overlap and the level of satisfaction of the 
patients (Chapter 6). A possible relation between cervical margin form (i.e. butt-
joint vs chamfer) and aesthetic appearance can not be drawn on the basis of the 
material in this study as the actual preparation form was dependent from the 
severity of the discoloration and thus considered as strongly biased. 
In another study it was found that placement of resin composite veneers on unpre-
pared teeth had a slightly negative effect on the gingival health status when 
compared to veneered teeth with labial reduction (Calamia and Simonson, 1984). 
This negative effect may be associated with the unavoidable overcontour in 
veneered unprepared teeth. On the other hand it has been reported that in patients 
with healthy periodontal tissues and good oral hygiene supragingival overcontoured 
restorations do not affect the gingival health (Reid et al. 1988; Calamia, 1989; 
Creugers et al. 1988). The effect of cervical margin preparation on the gingival 
health was not reviewed in the present study. From studies on margin preparation 
forms for crowns it is known that acceptable cement thickness is achievable for 
both forms as used in this study (Belser et al., 1985). However, it might be easier 
to accomplish a good seat and subsequently better fit of a VR when a shoulder 
preparation is available. 
Although differences were seen in survivals according to the operator, these were 
not statistically significant. 
This study demonstrated a significant higher failure risk for the factor 'vitality of 
the tooth'. Other studies demonstrated that the incidence of fracture of 
endodontically treated teeth was comparable to that of vital teeth (Ross, 1980; 
Trope et al., 1980). In combination with some types of restorations the resistance to 
fracture may be less in non-vital teeth, as was demonstrated for non-vital 
endodontically treated premolars with MOD fillings (Hanssen et al., 1990). In this 
study not only more 'absolute failures' were seen in non-vital teeth but also more 
'relative failures' were recorded in these teeth. As there were no selection criteria 
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for in- or exclusion of non-vital teeth according to the width of the access cavity, it 
is impossible to conclude whether the higher risk is associated with the labial 
reduction of the tooth, the width of the access cavity or the combination of both. In 
this respect, it should be noticed that non-vital teeth were treated with a veneer 
because of discoloration of the tooth and thus received a shoulder preparation in 
most cases. Since the factor 'vitality of the tooth' appeared to be a risk factor and 
was not included in the balancing program, the distribution of non-vital teeth over 
the experimental variables was checked to investigate a possible confounding role. 
In a post analysis comparison it was found that the distribution was aselect with 
respect to the experimental variables but select with respect to the number of VRs 
made in one patient (66% of the single VRs were non-vital vs. only 20% of the 
VRs in multiple VR group). However, with the given distribution and total number 
of failures, possible interactions can not be excluded whereas lack of power 
prevents demonstration of the presence of interactions. 
Another possible interaction might be found between the variables 'type of VR' and 
'vitality of the tooth'. Again the lack of power prevents evidence, but the risk for 
failure in the combination of resin composite VRs and non-vital teeth seems to be 
higher than for non-vital porcelain VRs (46% failures in non-vital composite VRs 
vs. 0% in non-vital porcelain VRs). A literature search on clinical follow-up studies 
on VRs revealed that non of the studies reported included variables as operator, 
type of tooth, aetiology and number of VRs. So comparison based on these 
variables is impossible. 
Quality assessment 
This study revealed that quality assessment of restorations is a difficult task to 
fulfill. As in many studies on the performance of VRs, the USPHS (United States 
Public Health Service) criteria were used. These criteria have been developed as a 
method for rating the quality of restorations on basis of surface and colour, 
anatomic form and marginal integrity. The advantage of this type of evaluating 
criteria reported, is the objective judgement which is affected by questions or 
criteria and not by the subjective opinion of the evaluator. However, in this study it 
was found that the ratings for this assessment were not consistent during time. 
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There may be two reasons for this inconsistency: (1) treatment of failures and 
maintenance treatments either lead to end-points or improve the quality of the 
restorations, affecting the ratings towards better scores, (2) although the observer 
was calibrated during the evaluation periods, calibration of the ratings between the 
different evaluation periods was not controlled. This means that comparison 
between the different evaluation periods is not allowed. Within the evaluation 
periods it was seen that the ratings were lightly in favour of the direct technique, 
with the exception of the criteria 'colour match' and 'marginal adaptation'. The 
better rating for 'marginal discoloration' for DC are probably related to the fact that 
no resin cement was used. Instead of using a cement to bond the restoration, in the 
direct technique the restorative material is placed directly on the tooth. 
In the critical eye of the dentist observer, the colour match was rated as not perfect 
in a substantial number of the cases. It seems that the ratings of the indirect tech­
nique are slightly better than those of the direct technique, which is consistent with 
the levels of patients' satisfaction recorded for these restorations (Chapter 6). 
However, when these veneers were evaluated from slides by dentists and laymen 
(beauticians) no difference was seen between these restorations (Chapter 8). Even 
more difficult than comparison between evaluation periods is the comparison with 
other clinical reports. It should be emphasized that beside the absence of calibration 
between the different studies, other reports do not mention calibration procedures or 
problems at all. The results of this study suggest that the use of the USPHS criteria 
are only suitable in describing the appearance of veneer restorations very roughly. 
A higher degree of calibration and proof of validity and reliability is necessary to 
make these criteria suitable for scientific research purposes. 
The reproducibility of the staining measurements was considered to be sufficient for 
qualitative comparison of the different types of VRs. Significantly more staining 
was seen on resin composite VRs (both 1С and DC), compared to P-VRs. Staining 
may be considered as an extrinsic factor for discoloration. Colorants from coffee, 
tea, nicotine and other beverages will penetrate or stick to the restorative material. 
This is particularly seen in microfilled resin composite with their high resin content 
and water uptake. From other reports it is known that staining may occur easily in 
resin composite materials. This staining is mainly superficial and can be removed 
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by regular oral hygiene and polishing procedures but may leave a cumulative 
residual discoloration (Khokhar et al., 1991; Um and Ruyter, 1991). In ceramic 
veneers, staining is limited to marginal stain and was reported to be almost absent 
for periods up to three-years follow-up (Jensen and Soltys, 1986; Wall, 1995). As 
staining in this study was only recorded in cases that the superficial discoloration 
could be eliminated, only the effect of adsorption of colorants was recorded. As 
mentioned above the adherence of colorants in dental materials is also related to 
dietary habits. An overview of smoking and dietary habits related to staining was 
given in Section 4.3. The percentage distribution of these habits over the variable 
'type of VR' appeared to be aselect, so differences in staining levels between 
different types are considered to be independent from these habits. The results of 
this study support previous in-vitro observations that resin-based materials are more 
stain-prone than ceramics. 
From the periodontal parameters evaluated in this study, only the criterion 'bleeding 
on probing' was considered to be reliable. It was found that the bleeding scores of 
both veneered and control teeth were better at the two-year evaluation than at the 
start of the study. This finding might support the hypothesis that patients are more 
willing to clean and maintain an aesthetically acceptable dentition than a dentition 
which is (in their own opinion) aesthetically compromised. On the other hand, the 
better periodontal condition might also be related to the fact that the patients are 
included in a study and as a result receive more (dental) attention. However, 
although the reliability of the bleeding measurements in this study was considered 
as good, problems with the reproducibility of these data at different times are well 
known (Weijden et al., 1994). Therefore, it cannot be excluded that a systematic 
error in the probing technique (although performed by one and the same observer) 
might be responsible for the result. Despite the uncertainties and potential 
confounding factors mentioned above, the bleeding index used in this study is 
considered to be a useful evaluation criterion as long as no better criteria are 
available. 
As stated above, several studies reported that veneers when properly applied to 
prepared facial surfaces of maxillary anterior teeth had no adverse effects on the 
health of the gingiva if oral hygiene was maintained (Jensen and Soltys, 1986; 
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Calamia, 1989; Wall, 1995; Rucker et al., 1990). In contrast, other studies 
including preformed laminate veneers and porcelain veneers placed without labial 
reduction reported conflicting results (Roberts, 1983; Rivkin and Warren, 1985; 
Wall et al., 1988; Reid et al., 1991; Hoffding, 1995). 
Kourkouta et al. (1994) reported not only a significant reduction of the amount of 
plaque accumulation but also a decreased amount of bacterial plaque after placement 
of porcelain laminate veneers. The authors attributed this finding to the smooth 
texture of glazed porcelain in discouraging bacterial colonization and growth. 
Plaque and pocket measurements as done in this study were considered to be 
unsuitable parameters for comparison and are therefore not presented in this 
evaluation. 
5.6 Conclusions 
The clinical evaluation of veneer restorations is very complicated. Although the 
design of the study was such that confounding factors were excluded as much as 
possible, interactions between both tested and untested variables are not completely 
mapped. Longer evaluation with increased statistical power is necessary to 
overcome this problem. Reduction of the incisai edge is considered to be 
unnecessary to assure or improve the strength of the restoration or the tooth. 
Veneers on non-vital teeth showed higher risk to fail than veneers placed on vital 
teeth. Observing the low number of failures, porcelain veneers showed a better 
overall appearance for the survival assessment than resin composite veneers. Direct 
composite VR had slightly better ratings for the quality assessment but it was also 
suggested that reliable quality assessment is difficult to achieve. 
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Chapter 6 
The aim of this study was to measure the satisfaction of patients with respect to the 
aesthetics of veneer restorations (VRs) and to identify potential factors influencing 
their satisfaction. One hundred and eighty VRs of three different types (direct com-
posite, indirect composite and porcelain) were placed on anterior teeth. Patients 
were asked to fill in questionnaires at baseline and at one and two year recalls. At 
baseline the overall satisfaction was 76%, after two year this was 78%. The 
variable 'type of VR ' was the only factor measured that had a significant influence 
on the satisfaction of the patient. At the two-year evaluation patients with porcelain 
VRs were more satisfied than those with direct composite VRs (P< 0.05). From the 
results of this study it is concluded that differences in clinical procedures had no 
effect on satisfaction. Also the number of VRs did not influence the level of satisfac-
tion. After two years a significant difference was observed for the variable 'type of 
VR ', with the best results for porcelain. 
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6.1 Introduction 
About one third of the adult population in the U.S. is dissatisfied with the colour or 
shape of one or more of their natural or restored teeth (Goldstein, 1984). The same 
conclusion was found in the Dutch National Dental Survey which was performed in 
1986 (Truin et al., 1989; Willemsen et al., 1994). The growing importance placed 
on aesthetics may result in an increased demand for cosmetic dental treatment. 
Cosmetic dentistry has the purpose to maintain or improve the aesthetic appearance 
of the teeth. A good option to restore unaesthetic anterior teeth is a veneer 
restoration (VR). Both direct and indirect bonding technique can be used for this 
type of restoration. The technique of veneer restorations is not new, but the 
materials and preparation design have changed over time. 
The clinical success of restorations depends on technical aspects, aesthetic result 
and performance in time. Most of the studies dealing with evaluations of VR have 
been performed by dentists (Rucker et al., 1990; Karlsson et al., 1992; Dunne and 
Millar, 1993; Norbo et al., 1994). These studies report the survival rate of VRs 
with or without well described evaluation criteria. If evaluation criteria were used 
they often differed from standardized criteria, for example in Quality Evaluation for 
Dental Care of the California Dental Association (CDA-rating) or United States 
Public Health Service Criteria (USPHS) (Ryge and Snyder, 1973; CDA, 1977; 
Ryge, 1980). The parameters employed were mostly surface characteristics, 
marginal integrity, anatomic form and the colour of the restoration. Except for the 
criterion 'colour' these are all objective parameters and the levels are relatively 
easy to quantify. The criterion 'colour' is difficult to describe without the use of 
colorimetrie devices (Ruyter et al., 1987). Also the criteria 'aesthetic result' and 
'satisfaction' evaluated by dentists or patients are no objective but subjective criteria 
(Graber and Lucker, 1980; Goldstein, 1984; Brisman, 1988). Nevertheless, the 
judgement of the patient regarding aesthetic outcome and their satisfaction is most 
important for the success of aesthetic restorations. The aesthetic requirements of 
dentists are not the same as those of patients (Truin et al., 1989). They vary not 
only from person to person but are also dependent on professional interests. There 
is only one study performed to investigate patients' satisfaction with bonded 
restorations (Goldstein, 1984). This study showed a relative high level of satisfac-
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tion (96% satisfied). Nordbe (1994) reported that the acceptance of porcelain VRs 
was judged to be good. 
The aim of this study was to investigate the patients' satisfaction with veneer 
restorations and to identify factors influencing satisfaction. 
6.2 Materials and methods 
This analysis was part of a clinical trial which was originally designed to test the 
influence of a number of clinical variables on the survival of VRs. This trial 
involved 180 veneer restorations of three different materials using two preparation 
designs, one with and the other without incisai reduction. The VRs were placed by 
seven dentists in the Dental School of Nijmegen on maxillary central and lateral in­
cisors for aesthetic reasons (62% discoloration, 24% malpositioned and 14% mal­
formed). 
The three types of veneer restorations were: 
1. Direct resin composite, referred to as type DC (Silux Plus, 3M Co., St. 
Paul, MN, USA), 
2. Indirect resin composite, referred to as type 1С (Dentacolor, Heraeus 
Kulzer GmbH, Wehrheim, Germany), 
3. Porcelain, referred to as type Ρ (Flexo-ceram, Elephant Ceramics, Hoorn, 
The Netherlands). 
Details about the materials, operators, assigning of the experimental variables, 
preparation and clinical procedures for fabrication of the VR have been presented in 
Chapters 3 and 4. The factorial design of the different treatment combinations was 
presented in Table 3-2. 
The patients' satisfaction with their VR was assessed using questionnaires with 
precoded categories. Patients were asked to fill in the questionnaires at baseline 
(one month after the placement of the VRs) and at recalls one and two years after 
placement of the VRs. A number of patient-dependent and experimental variables 
were tested whether they influenced the patients' satisfaction. These factors, 
including levels and distributions, are presented in Table 6-1. 
Subjects for this study were 112 patients participating in the clinical trial on VRs. 
These patients were treated with one or more restorations with a maximum of six. 
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However, to avoid unwanted dependencies, a maximum of two VRs per patient 
were evaluated in the study. In cases that more than two VRs were made, two VRs 
made on the same tooth type were included in the trial (first preference) and/or two 
VRs were randomly selected (second preference). The other VRs were excluded for 
analyses. 
In nine cases a protocol deviation occurred. In these cases the teeth were restored 
with another type of VR than assigned because during the treatment it appeared 
impossible to obtain a good colour match of the VRs. Therefore the operators 
decided to make a direct composite VR instead of an 1С- or P-VR. During the 
treatment phase one tooth fractured. A non-vital lateral incisor, which was intended 
to be restored with an indirect composite VR, fractured during the removal of the 
temporary restoration and was subsequently excluded for further evaluation. 
In this study the treatment demand was 100%. Since all treatments were carried 
out, the treatment need was also 100%. The type of disorder in aesthetic appear­
ance might have influence on the level of satisfaction of the patient. However, the 
dentist judgement (objective need) and the patient demand (subjective need) might 
vary and thus influence the results. Therefore the patient demands were compared 
with the dentists opinion. 
Statistical tests for factors at the same time point were done by means of the Chi-
square test. A paired t-test was done for each level of a factor to test differences 
between two time points. All statistical tests were performed at a significance level 
a = 0.05. 
6.3 Results 
The comparison of the reason for treatment as judged by the dentists and patients is 
given in Table 6-2. The indications (discoloration, malformed or malpositioned) for 
treatment varied, in 71% to 84% of the cases there was an agreement between the 
dentist and patient. In further analyses the judgement of the dentists has been used. 
The percentage of satisfied persons according to the variables 'type of VR' and 
'number of VRs' at different times of measurement is given in Table 6-3. 
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Table 6-1 Factors tested for influence on patients' satisfaction, 
levels and distributions. 
including different 
Factor type measurements description of variable / 
points number of patients and VRs ( )* 
Type of VR 
Direct Composite 
Porcelain 
Indirect Composite 
Preparation design (P,IC) 
no incisai reduction 
incisai reduction 
Operator 
Number of VR 
1 VR 
2 VRs 
>2 VRs 
Tooth type 
central incisor 
lateral incisor 
Reason of treatment 
discoloration 
deviation of shape 
deviation of position 
Time of existing 
0- 10 
> 10 years 
congenital 
Gender 
male 
female 
Mean age 
Procedure problems 
yes 
no 
Failures' 
absolute 
relative 
E 
E 
E 
Ρ 
Ρ 
Ρ 
Ρ 
Ρ 
Ρ 
R 
R 
Β, RI, R2 
Β 
Β 
Β, RI, R2 
Β 
Β 
Β 
Β 
Β 
Β 
RI, R2 
38 
36 
37 
50 
23 
1-7 operatori 
43 
34 
34 
74 
15 
22 
34 
39 
38 
31 
80 
30 years 
50 
61 
7 
15 
(60) 
(61) 
(58) 
(75) 
(44) 
(43) 
(68) 
(68) 
(108) 
(71) 
(HO) 
(26) 
(43) 
* Differences in л between this Chapter and Chapter S are caused by different evaluation limes, 
variable: E: experimental B: baseline 
P: patient dependent R1/R2: recall 
R: restoration dependent 
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Most of the satisfaction percentages at the first recall were significantly higher than 
at baseline for all variables, while at recall 2 the Overall satisfaction', 'type of DC' 
and 'number is 1 VR' percentages were significantly lower than at recall 1. The 
differences between groups at baseline and two-year recall were not significantly 
different. 'Type of VR' and 'number of VR' had no significant influence on 
satisfaction except 'type of VR' at recall 2. One month after placing the VR the 
overall satisfaction about the restoration was 76%. Only one patient was dissatisfied 
with the VR while the remaining (23%) group was not clear about their judgement. 
The other factors mentioned in Table 6-1, operator, tooth type, reason of treatment, 
time of existing, gender, age, procedure problems and failures, had no significant 
influence on the satisfaction of the patients. 
6.4 Discussion 
Evaluation of the aesthetics of teeth or the dentition is a complex process. Because 
of the dental treatment, patients may become more aware of the aesthetics of their 
teeth. The restored tooth will always be judged in relation to the whole dentition. 
This might explain the change in satisfaction during the period of evaluation. Every 
change in the dentition will require habituation. Especially when there is a change 
in position or shape it will take some time before the patient does not feel the 
restoration any more and will look at his dentition in total. Once the patients are 
getting used to the restoration, they will see that the aesthetics of the tooth is 
improved. The result may be a more satisfied patients' population at the one-year 
recall. Then, after a certain adaptation period, the aesthetic judgement may change 
again as the patients may become aware of the aesthetics of the adjacent teeth as 
well. When the patient is not satisfied any more with the aesthetics of the dentition 
as a whole, the aesthetic satisfaction of the restored teeth will decrease as well. 
This period will vary from person to person and depends on the adaptation ability 
of the patient. At the two-year evaluation the restored tooth will be compared to the 
adjacent teeth. Our results support this theory since, with an increasing number of 
VRs the difference between the satisfaction at one and two years recall was not so 
pronounced as in the case of one tooth being restored. 
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Table 6-2 Agreement between dentists ' and patients ' diagnoses of treated teeth 
(colour, shape or position) in per cent. 
patient: 
no reason reason total 
Colour 
Shape 
Position 
dentist: 
no reason 
reason 
total 
no reason 
reason 
total 
no reason 
reason 
55 
2 
25 
88 
21 
79 
90 
49 
45 
98 
75 
12 
79 
21 
10 
51 
total 77 23 
44 
56 
100 
88 
12 
100 
69 
31 
100 
Table 6-3 Percentages of satisfied persons according to the variables 'type ofVR' 
and 'number of VRs ' at different measurement points. 
Baseline recall 1 recall 2 
overall satisfaction 
satisfied with colour 
satisfied with shape 
type: DC 
Ρ 
1С 
number: 1 VR 
2 VR 
> 2 VR 
76 
92 
90 
74 
72 
79 
86 
67 
70 
4 _ Э£Э£Ф — ^ 
^ * * ^ 
—^ $$ —^  
*- * -» 
«-**-» 
«- * -» 
93 
95 
97 
89 
100 
93 
88 
78 
87 
94 
67 
93 
82 
81 
73 
81 
: 
A «- * -» В indicate a level of significant differences between groups A en B. 
* = 0.05 > ρ > 0.01 ** = 0.01 > ρ > 0.001 *** = 0.001 > ρ 
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The significant decrease in satisfaction with direct veneers between one and two 
year recall is difficult to explain. Several reports mentioned colour changes of light-
cured composite resins influenced by time of light exposure and time after curing 
while another study showed no significant difference between some composite 
resins after five-years (Asmussen, 1983; Ruyter et al., 1987; Hosoya and Goto, 
1992; Tyas, 1992). It is not very likely that a change in the colour of the restora-
tion material will be noticeable after two years. Other problems with composite 
resin veneering which were described were roughening of the surfaces, chipping, 
fracture and staining (Strassler and Moffitt, 1987; Ronk, 1992). However, in this 
population the occurrence of chipping or fracture had no influence on the satisfac-
tion of the patient. Surface roughening and staining was not measured so far in this 
study, so this study cannot answer questions in this direction. 
Several studies report a discrepancy between treatment need by the dentist and 
treatment demand of the patient (Rossum van, 1988; Truin et al., 1989; Baat de, 
1990; Willemsen et al., 1994). The agreement between dentist and patient in case 
of cosmetic dental treatment was 72% in the Dutch National Dental Survey. If there 
is a disagreement, the objective need of cosmetic treatment as judged by the dentist 
was higher (44%) than the treatment demand of the patient (14%) (Truin et al., 
1989; Willemsen et al., 1994). Several other reports showed also a higher treatment 
need than treatment demand (Rossum van, 1988; Baat de, 1990). In our study, the 
reasons for treatment by the dentist and the patient were compared. The agreements 
varied from 84% to 71%. Comparison of the reasons for treatment show that the 
reason 'shape' and 'position' were more important for the dentist than for the 
patient, while the reason 'colour' was more important for the patient. 
The overall satisfaction can not be completely explained by the satisfaction of 
colour and shape. It seems that other factors play a role in this matter. Goldstein 
(1984) suggested that the conservative approach and relative low costs of these 
restorations are appreciated by the patients and this may influences the satisfaction. 
The use of a questionnaire to evaluate the treatment with VR at baseline, one and 
two years after completing this treatment, is a procedure that may introduce some 
kind of bias. For example selection on a population level: the population of the trial 
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with a higher or university education is 44% and the relation male and female is 
also not representative for the Dutch population. 
6.5 Conclusions 
From the results of this study it is concluded that differences in clinical procedures 
had no effect on satisfaction. Also the number of VRs did not influence the level of 
satisfaction. After two years a significant difference was observed for the variable 
'type of VR', with the best results for porcelain VRs. 
With longer follow-up it is expected that the influence of 'type of VR' will become 
more clear when the properties of the materials will influence the process of aging, 
discoloration or strength. 
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Dimensional changes during veneering 
procedures on discoloured teeth 
This chapter is ал edited version of Meijenng AC, Peters MCRB, DeLong R, Pintado MR and Creugers 
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Chapter 7 
The aim of the study was to determine the dimensional changes of teeth when 
veneering procedures are involved. Fifteen discoloured central incisors were 
selected from a group of 180 veneer restorations (VRs) composed of three different 
types of materials (direct resin composite, indirect resin composite and porcelain). 
Impressions and dies were made before treatment, after preparation and after 
placement and finishing the restoration. Contact stylus profilometry and subsequent 
analysis of the 3-D surface images provided quantitative data of the differences 
between the various treatment phases. The preparation reduction was the most for 
indirect resin composite VRs and the least for direct resin composite VRs. All veneer 
restorations showed nearly the same thickness and dimensional change after treat-
ment, except one, which resulted in an additional increase of volume of the tooth. 
From the results of this study it is concluded that the dimensions of a discoloured 
tooth treated with a veneer restoration unintentionally increased, resulting in over-
contour. 
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7.1 Introduction 
In recent years, veneer restorations (VRs) have gained popularity to improve aes-
thetics. Veneer treatment is an adhesive, restorative technique requiring only mini-
mal preparation. The acid-etch technique enables the dentist to cover the labial 
tooth structure with resin composite, laminate (prefabricated) resin composite, or 
porcelain veneer restorations. The aesthetic reasons for placing a VR can be discol-
oration, deviation of position, or deviation of shape. In case of discoloration, 
sufficient tooth structure has to be removed to provide the space required for the 
materials to cover the discoloration and to obtain an optimal aesthetic result. 
Several articles on VRs reported instructions about the minimal depth of VR pre-
parations (Calamia, 1985; Clyde and Gilmour, 1988; Welbury, 1991). To control 
the preparation depth the use of a special bur has been advised. This bur features 
rings for preparation of initial grooves in the enamel. Subsequently, these grooves 
provide a depth gauge for further preparation (Sheet and Taniguchi, 1990; Ferrari 
et al., 1992: Garber, 1993). Although the use of such a bur provides the dentist 
with an indication of the optimal preparation depth, the amount of enamel removed 
when the preparation has reached its final stage, is unknown. 
Cosmetic dentistry is currently a focus of attention. Society is becoming more 
aware of the influence of a 'nice and healthy' smile. By applying non-invasive 
adhesive treatments, minor changes in dimensions can be made that provide a 
sensational effect with respect to the appearance of the dentition. On the other hand, 
a great number of veneer restorations, 62% of the VRs in the study are only indi-
cated to mask discolorations without the need for anatomical changes. In such 
cases, the veneer restoration is designed and fabricated to match the adjacent teeth 
as closely as possible. The artistic and technical skills of the dentist and/or 
laboratory technician involved are applied to seamlessly blend in the veneer with 
the natural dentition. An important question is how well the identical anatomic form 
is reproduced? No data could be found in the literature regarding unintentional 
changes in anatomy of teeth after veneer treatments. 
Various quantitative measurement techniques are reported to describe the small 
changes in anatomic contour as a consequence of wear (Williams et al., 1983; 
Roulet et al., 1983; Lambrechts et al., 1984; DeLong et al., 1985; Roulet, 1985; 
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Christensen et al., 1988; Douglas and DeLong, 1990; Kunzelmann et al., 1996). 
However, the investigation of anatomie changes in veneer restoration procedures 
requires measurement of a wide range of positive and negative changes in volume. 
In this study, the differences in shape and volume of the teeth at various stages 
during the treatment procedure for a veneer restoration are determined by 
profilometry and subsequent analysis of the digitized images using the well-
established system for wear analysis developed at the University of Minneapolis 
(DeLong et al., 1985). 
The aim of this study was to determine the dimensional changes of teeth when 
veneering procedures are involved. 
7.2 Materials and methods 
The dimensional analysis is part of a clinical trial that was originally designed to 
test the influence of a number of clinical variables on the survival of VRs. Details 
about patients, operators and procedures have been reported in Chapter 4. For 
convenience of the reader the most important conditions of the clinical investigation 
are described briefly. 
In this trial, 180 veneer restorations made of three different materials and involving 
two preparation designs were placed by seven dentists in the Dental School of the 
University of Nijmegen. All operators were part-time university staff-members and 
part-time general practitioners with 1 to 24 years of clinical experience. A written 
protocol including strict prescriptions was followed. The treatments were indicated 
for aesthetic reasons and the restorations were placed on central and lateral 
maxillary incisors. The materials applied are 1) Silux Plus for the direct resin 
composite veneer restoration (DC) (3M Co., St.Paul MN, USA); 2) Dentacolor for 
the indirect resin composite veneer restoration (1С) (Heraeus Kulzer, GmbH, 
Wehrheim, Germany); and 3) Flexo-ceram for the porcelain veneer restoration (P) 
(Elephant Ceramics, Hoorn, The Netherlands). Two technicians participated in the 
study, one made all porcelain VRs and the other produced all indirect resin 
composite VRs. 
The materials and operators were assigned using a number of balancing criteria. 
For the dimensional analysis, three groups of five teeth each were selected from the 
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three different groups of veneer material (DC, 1С and P). The indication was 
invariably to mask the discoloration of a single tooth. 
The aetiology of the discolorations was as follows: 
Direct resin composite veneer restorations (DC): four indications due to non-
vital, discoloured teeth; one veneer indication due to discoloured restorations. 
Indirect resin composite veneer restorations (1С): all five veneers were 
indications due to discoloration of endodontic treated teeth. 
Porcelain veneer restorations (P): four veneer restorations were indicated to 
mask the discoloration after endodontic treatments (in one case, a minor 
correction of position was necessary and in another case, the tooth was 
already provided with a VR but the shade was not acceptable); one veneer 
was indicated because of discoloration of the tooth due to aging because the 
adjacent teeth featured porcelain crowns, which do not change in shade over 
time. 
In case of the indirect techniques (1С and P) a minimal veneer thickness of 0.6 mm 
was required. This reduction was made using a special bur that featured rings for 
preparation of initial grooves (Komet 634, Gebr. Brasseler GmbH & Co KG, 
Lemgo, Germany). The preparation designs used for this study were limited to the 
group without incisai reduction, and a cervical shoulder preparation (cervical mar­
gin in enamel). Other preparation designs allowed in the trial (i.e. incisai reduction 
or chamfer preparation in the cervical region) were excluded for this study. To 
minimise the chance of intentional changes, only patients with one veneer on a 
central discoloured incisor (n=15) were selected for the determination of the vari­
ous dimensional changes involved. 
After cleaning, and before preparation of the tooth, an impression (IP-1) was made 
of the tooth involved and the adjacent teeth. The 'partial arch' impression was made 
in an impression tray (Solo impression tray, J&S Davis Limited, England) using a 
putty and regular body impression material (Express, 3M Co., St.Paul MN, USA). 
The same impression procedure was followed directly after preparation (IP-2) and 
after placement and finishing the restoration (IP-4). To enable accurate determin­
ation of the volume changes of the indirect VRs (1С and P), another impression of 
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the preparation before placement was made shortly before insertion of the VR (IP-
3). 
Dies were fabricated from the impressions using an epoxy resin (Epoxy-Die, 
Ivoclar, Liechtenstein) (DeLong et al., 1991). Firstly, the epoxy model with the 
restored tooth (model 4) was reduced to provide a model including the VR and the 
two adjacent teeth. This model was mounted in stone (Vel-mix stone, Kerr, Europe 
A.G., Switzerland) in a nylon ring with a metal security pin (Fig. 7-1). An index 
was made to enable accurate alignment during mounting of earlier and subsequent 
models of the same teeth. 
Figure 7-1 Nylon ring with a metal 
security pin and the epoxy tooth replica 
in the centre of the stone. 
Table 7-1 shows the different treatment phases, impressions and models. Clinically, 
care was taken not to polish or to touch the adjacent teeth because they were used 
as reference for the subsequent models. The ring with the model was placed in the 
profiling system. 
A tooth profile was generated using a precise displacement stylus and 
programmable data acquisition system (MTS Tooth Profiling System. MTS Systems 
Corporation, Eden Prairie, MN, USA). The stylus was drawn across the replica 
surface gathering coordinates for each surface point and providing a contour line of 
the tooth in the vertical plane of stylus motion. 
Sequential profiles of the surface provided three-dimensional (3-D) coordinates for 
all surface points capturing the anatomy of the replica in a 3-D image. 
Subsequently, the 3-D images of the restoration at various intervals were 
superimposed using the software programme Ansur0 (Ansur0 v3.2. Regents of 
University of Minnesota. 1993). The facial areas of the adjacent teeth, which were 
not subject to change during the various stages, served as reference for the 
alignment and the 3-D mathematical fitting routines. This process allowed 
identification of the differences between the two superimposed images. 
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The computer program Ansui* uses a numerical fitting routine based on a 'least-
squares' fit. The goodness-of-fit is determined by the root-mean-square (RMS) of 
the difference between the images, expressed in microns. When the optimal 3-D fit 
has been achieved, the superimposed profiles and 3-D images can be visually 
inspected on the computer screen to identify areas of change in surface contour. 
Such an area can be designated by the screen cursor and calculations of the 
difference between the contours of the profiles (depth) and 3-D images (surface area 
and volume) can be carried out. The volume difference between two images in this 
study can be attributed to preparation or restoration. 
Table 7-1 An overview of the different treatment phases, impressions and models. 
Treatment phase Impression Model 
before treatment IP-1 model 1 
after preparation IP-2 model 2 
before insertion (only Ρ and 1С) IP-3 model 3 
after insertion IP-4 model 4 
The above described system is an established technique for evaluation of the clinical 
wear characteristics of tooth tissues and restorative materials (DeLong and Douglas, 
1990; Peters et al., 1991). The system can be used on both the restored tooth to 
evaluate the wear rate of the restoration and the adjacent enamel (Pintado et al., 
1988 and 1990; Peters et al., 1994), and on the antagonist to evaluate the wear rate 
of the opposing enamel (DeLong et al., 1989 and 1992; DeLong and Douglas, 
1990). Even changes in gingival tissues that are clinically undetectable have been 
measured quantitatively (Taylor et al., 1993; Neafus et al., 1996). 
The system is capable of measuring occlusal enamel and restoration with an 
accuracy of + 5 microns (Anderson et al., 1993). 
Statistical methods 
An one-way analysis of variance (ANOVA) was applied to analyze the volume 
difference between the different phases of the treatment in relation to the three 
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different material groups. A t-test was applied to analyze the volume difference 
between the two techniques: the direct and indirect veneer restorations. 
7.3 Results 
The degree of fit, expressed by the root-mean-square (RMS) of the differences 
between two profiles, ranged from 6-30 μπι (51 analyses). In addition to this range, 
the 3-D images in this study contained one fit with a RMS value of 69 μπι. 
For the indirect technique, the volumetric difference between model 2 and model 3, 
indicated a dimensional change caused by physiological movement of the teeth 
during the period between the preparation and the insertion session (2-3 weeks). 
These volumetric differences varied between -7.7 to 2.6 mm3, for both techniques. 
The volumetric changes between the different phases of treatment and three 
materials are mentioned in Table 7-2. 
The amount of tooth tissue removed for preparation (model 1 VÍ. model 2) showed 
a large variation ranging from 6.7 - 93.2 mm3 (Fig. 7-2). The volume of the 
restorations (model 2 vs. model 4) varied between 50.4 - 127.1 mm3 (Fig. 7-3) and 
the dimensional change after treatment (model 1 VÍ. model 4) of all veneer 
restorations, except one 1С restoration with a volume loss of 2.4 mm3, resulted in 
an additional volume of the tooth (range: 3.1 - 101.5 mm3) (Fig. 7-4). 
The mean depth per tooth was calculated and the mean depth values recorded for 
the different phases and the three materials are presented in Table 7-3. 
Table 7-2 The range and average of volumetric change (mm3) of different phases 
and three types of veneer restoration. 
Phase 
Preparation reduction 
average volume change 
Veneer restoration 
average volume change 
Restorative change 
average volume change 
Direct Composite 
22.1 - 42.2 
32.6 
55.1 - 127.1 
87.0 
13.0- 101.5 
53.8 
Indirect Composite 
35.7- 83.7 
60.9 
50.4 - 104.7 
82.5 
-2.4- 43.5 
19.6 
Porcelain 
6.7 - 93.2 
43.5 
73.8 - 96.2 
86.0 
3.1 -76.8 
42.7 
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Consideration was given to the relative changes in dimensions of each tooth. For all 
veneer restorations (DC, 1С, and P), the maximum depth at preparation was located 
in the approximal areas near the margins and halfway the cervico-incisal distance. 
After treatment the location of maximum thickness was shifted towards the incisai 
edge. A schematic view of the relative dimensions calculated for each tooth is 
shown in Figure 7-5. 
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Figure 7-2 Dimensional change (mm3) after preparation reduction in three types 
of VR: Direct Composite (DC), Porcelain (P) and Indirect Composite 
(1С). 
Figure 7-3 Volume of veneer restoration (mm3) in three types of VR: Direct 
Composite (DC), Porcelain (P) and Indirect Composite (1С). 
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Figure 7-4 Dimensional change (mm3) before and after treatment in three types of 
VR: Direct Composite (DC), Porcelain (P) and Indirect Composite 
(IQ. 
The changes in length and width of the teeth, have been determined. In eight cases 
(53%), the length of the veneer restoration was identical to the original tooth 
length. One restoration (DC) was shorter than the original tooth. A total of six 
restorations (2 DC, 1 1С, 3 P) were longer. 
In the incisai region, all VRs, were slightly wider than the original tooth. The 
cervical width (at 1/3 from the cervical margin) was identical to the original tooth, 
whereas the incisai width (at 1/3 from the incisai edge) showed a wider restoration 
in 60% of the cases. 
At the incisai edge, 11 of the 15 veneer restorations were wider than before treat­
ment (73%). No statistical differences could be found between the different treat­
ment phases or between the different groups. The standard deviations were small. 
Figure 7-5 Schematic view of the 
location of the measured relative 
dimensions (a: length; b: cervical 
width; c: incisai width; d: incisai 
edge) d 
Ш 
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Table 7-3 The range of mean depths in μ/η ± s.d. of different phases and three 
types of veneer restoration. 
Phase Direct Composite Indirect Composite Porcelain 
Preparation reduction 
minimum mean depth 275 ± 294 484 ±148 99 + 192 
maximum mean depth 583 ± 336 1054 ± 428 1156 ± 419 
average mean depth 440 ± 284 808 ± 336 590 ± 266 
Veneer restoration 
minimum mean depth 718 ± 238 651 ± 233 978 ± 253 
maximum mean depth 1633 ± 437 1204 ± 547 1329 ± 277 
average mean depth 1106 ± 355 1053 ± 415 1173 ± 323 
Restorative change 
minimum mean depth 177 + 256 -37 ± 277 41 ± 318 
maximum mean depth 1295 ± 348 474 ±271 1073 ± 393 
average mean depth 1193 ± 305 327 ± 281 594 ± 311 
7.4 Discussion 
Measuring system 
Evaluation of dimensional characteristics during the procedure for veneer 
restorations requires a method that allows determination of anatomical differences 
not only in cases where the volume of the teeth has been reduced but also when 
material has been added. 
Due to the nature of a clinical investigation, the procedures involved during the 
impression phase and subsequent laboratory steps to obtain the measurement spe­
cimens (models) influence the accuracy of the final data. The evaluations in this 
study are done by comparing two digitised surfaces. The accuracy of the results 
depends on the RMS value of the computer fit of the two images. RMS values of 
25 μπι per point can be obtained from profiles of epoxy models made using vinyl 
polysiloxane impression materials (DeLong et al., 1985 and 1991). 
The preparation and restoration outline for a full coverage veneer, the topic of this 
study, does not allow for reference areas for the fitting procedures on the tooth 
involved. Therefore, the reference areas used for the 3-D fitting procedures were 
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selected on the adjacent teeth. The volumetric differences of the fitting areas on the 
adjacent teeth determined between model 2 and model 3 (-7.7 to 2.6 mm3), are 
negligible when compared to the RMS values involved with the test tooth. 
In general, the degree of fit in this study, expressed by the RMS of the differences 
between two profiles, demonstrated a favourable range of RMS values of 6 - 30 μπι 
for the 51 3-D fitting procedures involved. The model outside this range, which 
showed a RMS of 69 ¿tm, had some major flaws influencing the fitting. In this 
case, extra attention was applied to the data handling of this file for the two 
required comparisons. 
Clinical investigation environment 
The dimensional analysis, as reported, is part of a clinical investigation that can be 
classified as a controlled clinical trial with a written protocol for the different 
treatments. The main difference from the general practice environment is the 
amount of time that could be used for the treatment sessions. Ample time was 
available for treatment in the clinical investigation environment. However, the 
treatment times recorded were not extremely excessive in comparison with those 
reported for general practice (Chapter 9). 
Preparation reduction 
When a veneer restoration is indicated, the facial side of the tooth is reduced to 
provide sufficient space for the restoration. To obtain optimal physical properties, a 
minimal thickness of 0.6 mm is required for the indirect techniques to make the 
veneer strong enough to be handled. In case of porcelain VRs, the same thickness is 
also a minimal requirement to ensure optimal optical properties. Such a thickness is 
not required to provide sufficient optical properties of the composite VRs. 
However, all preparations should provide sufficient space to mask the underlaying 
discoloured tooth surface. 
The VRs in this study were applied to mask discoloured tooth tissue (87%) or dis-
coloured restorations (13%). The volume reduction of tooth tissue due to prepara-
tion showed a large variation ranging from 6.7 - 93.2 mm3 (Fig. 7-2). In general, 
the DC-VRs showed the least tooth reduction after preparation. Although porcelain 
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material has a specific thickness requirement, only one of the five preparations for 
porcelain veneers (P) showed a large reduction in volume (93.2 mm3). This was the 
replacement veneer. For one tooth (P) a slight correction of its position was 
requested at the same time. The intentional anatomical correction was achieved by 
minimal reduction in the preparation phase (only 6.7 mm3), followed by placement 
of a veneer restoration of normal volume (Fig. 7-3). There is a tendency for more 
tooth reduction when IC-VRs are used, resulting in more loss of tooth tissue in the 
preparation phase compared to the other two groups (DC and P). 
With regard to the mean preparation depth for the indirect techniques (P and 1С), as 
shown in Table 7-3, there was a tendency to reduce the enamel less than the 
required 0.6 mm. In most cases, the maximum depth was located in the approximal 
regions. These results confirm the data reported by Nattress et al. (1995). 
As the volume reduction relates also to the size of the tooth involved, it is 
important to compare the reduction to the respective surface areas, and thus to the 
relative dimensions. As seen as in Tables 7-2 and 7-3, the widest range of 
volumetric change and mean depths are reported for the 'veneer restoration' and 
'restorative change' phases of the DC-VR. 
In general, the results of Tables 7-2 and 7-3 express the same tendencies in the 
three different groups. 
Veneer restorations 
Although there is a large variation in anatomical dimensions between teeth, there is 
no difference between groups with respect to the volume of the veneer restorations 
involved (Table 7-2) and average mean depth (Table 7-3). The volume of the 
veneer indicates the total addition to the prepared tooth after treatment. For the Ρ 
and 1С groups this includes the restoration plus the cement layer. The average mean 
depth of the VRs (Table 7-3), which expresses its thickness, is nearly equal for all 
three types of VR. The Ρ group included the smallest range in volume, which might 
be attributed to strict application of the minimal thickness requirement for porcelain 
materials. 
All types of veneer restorations showed a thickness of more than 0.6 mm, with an 
average mean thickness of ± 1100 μιη. From these results, it can be concluded that 
121 
in clinical situations, and independent of the material used, each technique needs to 
provide sufficient space of at least 0.6 mm to mask the discoloration and to avoid 
overcontouring. 
Restorative Change 
The VRs selected for this study (n=15) intended only to change the discoloration 
and to restore the natural appearance and colour distribution of the teeth. Therefore, 
the variations in dimensions observed, were not planned. As a result of the VR 
treatment, the shape of most of the teeth was unintentionally changed from the 
original shape before treatment. The volume range of 'restorative change' varied 
most for the DC-VRs and the least for the 1С-VRs. This is due to the combination 
of the depth of preparation and the minimal thickness of the VR. The variation in 
volume of the P-VRs is a result of the variation in preparation depth. In the DC-VR 
group, the main cause of the increase of tooth volume, resulting in a positive 
'restorative change', is the thickness of the restoration. The thickness values of the 
veneer restorations show only a small variation. This implies that the space neces­
sary to mask the discoloration is nearly the same for all three types of VRs, and 
thus for the two different techniques (direct and indirect). 
According to patient feedback, a positive satisfaction, regarding the shape of the 
veneer was reported for baseline (90%) and after two years (94%) (Chapter 6). 
Taking these data into account, it appears that the unintentional change produced by 
the treatment did not influence the satisfaction of the patients with the final clinical 
result. Both features, reduction of the discoloured tooth tissue and the thickness of 
restoration needed to successfully mask the discoloration, are related to the degree 
of the discoloration. This study only included the usual spectrum of discoloration as 
can evolve in non-vital teeth. However, to achieve optimal aesthetics in cases of 
severely discoloured teeth often more tissue removal is required as compared to 
superficially discoloured teeth. 
7.5 Conclusions 
The veneering treatment investigated in this study showed a large variation in 
reduction of tooth tissue in the preparation phase. In general, the largest tooth 
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reduction occurred when indirect composite veneers were used, while teeth with 
direct composite veneers received the least reduction. 
There was no difference between the three types of veneers with respect to the 
thickness of the restoration, which exceeded the 0.6 mm required for porcelain 
veneers. 
Overcontouring was found in almost all cases. Considering the limited range of 
restoration thicknesses found in this study, the origin of the overcontour after 
treatment is a result of the minimal preparation depth. The results of this study 
indicate that veneer treatment of a discoloured incisor unintentionally may result in 
an overcontoured tooth after treatment and that sufficient tooth reduction is even 
more important in these cases since a certain thickness of the VR is necessary to 
mask the discoloration. 
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CHAPTER 8 
Recognition of veneer restorations by 
dentists and beautician students 
This chapter is an edited version of J Oral Rehab (accepted), Meijering AC, Roeters FJM, Mulder J and 
Creugers NHJ 'Recognition of veneer restoration by dentists and beautician students', and is printed with 
permission of the publisher 
Chapter 8 
Three types of veneer restorations (VRs) were evaluated for recognition by two 
groups of observers to study the aesthetic result. The different types of VRs were: 1) 
direct resin composite, 2) indirect resin composite and 3) porcelain. One month 
after insertion of the VRs, colour transparencies were made of smiling patients 
randomly selected from a group of 112 patients participating in a clinical trial. The 
slides were evaluated by five dentists who were not familiar with the patients and by 
25 beautician students (BS). Dentists were asked to locate the VRs which were 
present in the patients that were showed and to specify the type of VR. BS were only 
asked to locate the VRs. To trace a possible relationship between the aesthetic result 
of the treatment and a number of variables, ANOVA was applied to evaluate the 
variables: 1) 'discoloration of the teeth ' before treatment, 2) 'type of VR ' and 
3) 'number of VRs'. Agreements in judgement were expressed in Cohen-Kappa 
coefficients. The results showed that the dentists could locate the VRs quite well 
(Kappa coeff. 0.64 ± 0.28) while for BS it was more difficult to locate the VRs 
(Kappa coeff. 0.43 ± 0.27). The more VRs were made in the same patient, the 
more difficult is was to locate them correctly. The other variables had no significant 
effect on the recognition of the VRs. It was not possible for the dentist observers to 
differentiate between the types of VRs. 
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8.1 Introduction 
In recent years the aesthetics of the dentition have become increasingly important 
and influenced modern restorative dentistry. What is 'aesthetic' and 'unaesthetic' ? 
The connotation according to Lombardi (1973) is that 'something is seen which is 
pleasant or unpleasant'. Pilkington (1936) described the term 'aesthetics' as synony-
mous with a natural and harmonious appearance. 
In reality, the relation of aesthetics and cosmetics to oral health, more particularly 
to dental health behaviour, is extremely complex and involves many social, cultural 
and psychological dimensions that are not clearly understood. What is considered 
'beautiful' in one culture or person, may be 'ugly' in another. For example, grin-
ding of teeth to short points as practised in some primitive cultures is considered 
beautiful only in those specific cultures. 
Every day patients are overloaded with information through television programs, 
films and magazines and in this way a certain aesthetic standard is developed. Their 
concepts of beauty is being moulded constantly. 
A number of studies have documented the salutary effects of attractiveness on 
interpersonal relationships (DeWitt, 1980; Shaw et al., 1985; Graber and Lucker, 
1980). The conclusion of these studies is that appearance is a key element in social 
interactions and success. Apparently, people, like Shakespeare's Richard III, are 
believed to have personalities as unattractive as their bodies. The consistency in 
human awareness of, and agreement on attractiveness across age, social status and 
sex is remarkable. In females the face correlated most highly with judgement of 
overall attractiveness by both male and female subjects. With respect to the face, 
the majority of studies identify two key features: the eyes and the mouth (DeWitt, 
1980; Friedman et al., 1971; Goldstein and Mackenber, 1966; Terry and Davis, 
1976). 
In many cases untrained observers can identify a denture as a result of monotonous 
tooth positions, contours and shades. Until now prosthodontic techniques require the 
maxillary occlusion rim to be contoured and adjusted to determine the proposed 
length of the maxillary incisors. Vig and Brundo (1978) studied the relationship 
between lips and teeth in persons of all ages with natural dentitions and to record 
the changes that occur with aging. They found a gradual reduction in the amount of 
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maxillary central incisors exposure with an increase in age accompanied by a 
gradual increase in the mandibular teeth exposure. 
The most important factors which may influence the aesthetical appearance of teeth 
are: the visibility, the colour, the shape and the position. The amount of exposure 
of maxillary anterior teeth differs between individuals and has a range from a so 
called 'high smile' or 'gummy smile' which shows a contiguous zone of gingiva, to 
a 'low smile' which displays less than 75% of the anterior teeth (Tjan et al., 1984). 
Amongst others, factors as age, gender and lip lengths have influence on the visibil-
ity of the anterior teeth (Vig and Brando, 1978; Chrispin and Watson, 1981). The 
visibility of teeth is already studied by different investigators and is not the subject 
of this study (Vig and Brando, 1978; Tjan et al., 1984; Chrispin and Watson, 
1981; Wichmann, 1990). The other three mentioned factors are clinically related to 
the teeth and may be altered by restorations such as a veneer restoration (VR). 
The porcelain veneer is worldwide a popular technique. In dentistry porcelain has 
always been the material of choice when aesthetics was of importance. The 
translucent characteristic of the porcelain is ideal to mimic tooth structure. 
Porcelain restorations have also proven to remain fairly unaltered in the oral envi-
ronment. The resin composites have had a bad reputation with respect to aesthetics. 
This was merely due to the curing mode and size of the filler particles. The intro-
duction of light curing materials with smaller filler particles solved most of the 
aesthetic problems. Resin composites can be used as a direct technique and an indi-
rect technique. The indirect technique enables to apply a different polymerisation 
technique which will result in a higher degree of cure. Some of the physical charac-
teristics may be improved. 
A good aesthetic result is achieved when the restoration can not be distinguished 
from untreated neighbouring teeth. In these cases the colour, structure and shape 
look like natural. The aim of the present study was to assess wether (1) veneer 
restorations can be distinguished from natural teeth by a panel of dentists and 
beauticians, (2) the panel of dentists could distinguish between three types of veneer 
restorations, and (3) there was a difference between the recognition of veneers 
placed on discoloured teeth and veneers made for other reasons. 
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8.2 Materials and methods 
This study is part of a clinical trial which was designed to compare three types of 
veneer restorations. These types are: 
1. Direct resin composite veneer restoration, referred to as type DC, (Silux 
Plus, 3M Co, St. Paul, MN, U.S.A.). 
2. Indirect resin composite veneer restoration, referred to as type 1С, 
(Dentacolor, Heraeus Kulzer GmbH, Wehrheim, Germany). 
3. Porcelain veneer restoration, referred to as type P, (Flexo-ceram, Elephant 
Ceramics, Hoorn, The Netherlands). 
In total 263 veneer restorations were placed in 112 patients under clinical controlled 
conditions. From this group 180 veneers were included in the clinical trial (Chapter 
4). Each patient received only one type of VR, independently from the number (1-6 
VRs per person). From each patient a maximum of two veneers made on upper 
incisors were included in the clinical trial. Before treatment, the teeth were assigned 
to three possible reasons for treatment: 62% of the teeth were assigned to the 
reason deviation of colour (discoloration), 14% to deviation of shape and 24% to 
deviation of position. This diagnosis was done by the principle investigator. 
One month after insertion of the VR(s), colour transparencies were made of the 
smiling patient (Minolta X-700; Kodak ektachrome 200). Slides of smiling patients 
were used since this will show most of the teeth as under normal conditions. 
A number of patients were randomly selected for this part of study. This resulted in 
a sample of 99 patients. The majority of the selected patients were female (77%). 
The mean age of the group was 32 years. The slides were evaluated by two groups. 
Group A consisted of five dentists who were neither familiar to the patients nor did 
participate in the clinical trial as operators who made the VR. Group В consisted of 
25 women who where learning for beauticians. Beautician students were chosen to 
form the layman-panel since they were expected to have eye for details in the 
appearance and looking of people without having an exact idea of deviations in the 
appearance of the dentition. The panel of beauticians was chosen to be larger then 
the dentists-panel because a much wider variety in data was expected in this group. 
Group A evaluated 99 patients and for practical reasons group В evaluated 42 
patients, being a representative aselect sample from the 99 patients of group A. The 
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evaluators were asked to locate the veneer restoration(s) which were present on one 
or more maxillary anterior teeth. They did not know the exact number of resto­
rations made in the particular patients. The slides were shown to the dentists for 10 
seconds after which they could write down their findings while the beautician 
students could look for 15 seconds to the slides. To measure the intra-agreement in 
the dentist group, 11 patients were showed two times. In group B, six patients were 
showed a second time. Secondly the dentists were asked to specify the type of VR 
which was pointed by the investigator. This time the dentists had 15 seconds to 
specify the material of the restoration(s). 
Teeth with crowns in their upper anterior region were excluded from the analysis. 
Statistical methods 
A Cohen-Kappa coefficient (Kappa-coef) was measured for each slide. If for 
instance a slide was recorded as 011000 (each zero or one represents one of the 
anterior teeth), where 1 is presence of a VR and 0 is absence of a VR, while the 
correct answer should be 010000, than the Kappa-coef was 0.57 for that slide. In 
this way the coefficient gives an indication of the agreement in judgement between 
the observer and the correct answer and is adjusted for agreement expected by 
chance (Schouten, 1982). The Kappa-coef were used for further analysis. 
Agreements in judgement (correlation coefficient) between different observers (one 
by one) is expressed by the Pearson Correlation Coefficient (Pearson-coef). If two 
observers are in full agreement the Pearson-coef is +1, if the are in full disagree­
ment it is -1. With the Pearson-coef it was possible to determine if observers gave 
the same judgement to the slides. 
The reliability of the observers was expressed in Cronbach Alpha Coefficient (CA-
coef) and indicates if the Cohen-Kappa is a good sealing measure for recognition of 
veneer restorations. 
An analysis of variance (ANOVA) was applied to evaluate the difference of recog­
nition between the dentists and the beautician students and to evaluate the influence 
on visibility of the following variables: 
1. Number of veneer restorations (1-6). 
2. Type of veneer restoration (DC, 1С, P). 
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3. Discoloration of the teeth before treatment (yes/no). 
8.3 Results 
The average Cohen-Kappa-values per dentist observer varied from 0.57 to 0.68 
with a mean of 0.64 ± 0.28 as showed in Table 8-1. These values for Kappa-coef 
mean that the ability of the dentist observers to distinguish veneered teeth from 
natural teeth was moderate to substantial. 
The average Kappa-coef values per BS observer varied from 0.27 to 0.72 with a 
mean of 0.43 ± 0.27. This means that the ability of the beautician students to 
recognise VR was moderate. 
Table 8-1 Average Cohen-Kappa coefficient values on the recognition of VRs for 
the dentist-observers and beautician student-observers (BS). 
Group 
Dentists 
BS 
η 
5 
25 
number of 
patients 
99 
42 
Range 
0.57-0.68 
0.27-0.72 
Mean 
0.64 
0.43 
Standard 
deviation 
0.28 
0.27 
Table 8-2 Classes of Pearson Correlation Coefficient (R) of the dentists-
observers and beautician students (BS). 
Pearson score % of dentists % of BS 
R < 0.0 
0.0 < R < 0.2 
0.2 < R <, 0.4 
0.4 < R < 0.6 
R > 0.6 
4 
30 
10 
30 
30 
0 
19 
41 
31 
5 
The Pearson-coef of the dentists varied from 0.04 to 0.65 and in the group of the 
beautician students from -0.18 to 0.80 (Table 8-2). To elucidate the wide variety in 
the beautician students group Table 8-2 presents the Pearson-coef of the beauty 
specialist students and dentists in classes. 
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The reliability of the dentist observations was found to be almost perfect. The 
Cronbachs Alpha coefficient was 0.86 for the dentists and 0.93 for the beautician 
students. 
A high CA-coef indicates that the Kappa-coef is good, thus the measurement for 
visibility of VRs was reliable. However, the wide variety of the Pearson-coef shows 
that the agreement between observers is not always high. 
In an ANOVA model the difference between the two groups was tested. The den-
tists recognised the VRs significantly better than the beautician students (p< 
0.001). Because of possible interactions between the groups and explanatory 
variables, for each of the groups the effect of 'number of VR', 'type' and 
'discoloration' was tested in a three way ANOVA model without interactions. 
Table 8-3 shows that the presence of discoloration of the teeth before treatment had 
no significant effect on the recognition of the veneer restoration by dentists and 
beautician students. Also the type of VR(s) had no significant effect for both groups 
of observers. 
The effect of the number of veneer restorations was found to be highly significant 
(p < 0.001) in the dentists group but not in the beautician students group. 
Table 8-3 P-values of the influences of some factors on the recognition of VR by 
dentists and beautician student-observers. 
Factor 
Discoloration 
Type of veneer 
Number of veneers 
dentists 
0.12 ns 
0.87 ns 
< 0.001 *** 
P-value 
beautician students 
0.69 ns 
0.52 ns 
0.19 ns 
A number of slides were shown in duplo to measure the intra-observer agreement. 
This was for the dentists 85% and for the beautician students 77%, which is quite 
high. 
The results of the second part of this study - recognition of type VR - revealed that 
the recognition of type of VR was equal to the recognition expected by chance. 
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Duplo measurements showed that the intra-observer agreement was 47%. It is 
concluded that the dentist observers were not able to recognize the different 
materials that were used for the veneers. 
8.4 Discussion 
The effectiveness of colour slides for aesthetic evaluation has been studied by Glass 
(1978). He found a close relationship between judgement of the appearance of 
adults made from live stimuli and those made from colour photographs of the same 
project. He also showed a close relationship between judgements made from colour 
photographs and from projected colour slides. 
In several studies dealing with aesthetics in dentistry, Ryge criteria (Ryge and 
Snyder, 1973 and Ryge, 1980) were used as evaluation method. This rating system, 
based on an operational approach, has been developed for quality assessment of 
dental restorations. With this method the restoration is examined for three charac-
teristics: 1) surface and colour, 2) anatomic form and 3) marginal integrity. The 
examining dentist uses specific criteria that lead to the rating (by specifying a key 
word) in order to assign the restoration to a category. The use of keywords in 
addition to the rating is a shorthand method for recording the specific reason for 
rating the restoration. Although these factors are related to the aesthetic appearance, 
they do not offer an index for aesthetic appearance. For this reason we consider the 
Ryge criteria unsuitable for aesthetical judgement. 
Several studies about facial or dental attractiveness as well as aesthetical indexes 
(Lobb et al., 1994; Cons et al., 1989; Tedesco et al., 1983a; Tedesco et al., 1983b; 
Evans and Shaw, 1987; Howells and Shaw, 1985; Albino, 1981) were published in 
literature. The concept of facial aesthetics has been of primary interest and concern 
to orthodontists. Above and beyond their obvious goal of rectifying malocclusion, 
orthodontists are also interested in profile correction (DeWitt, 1980). Many of the 
studies about facial or dental attractiveness have an orthodontic back-ground. The 
factors which were measured were for example position of the teeth, diastema and 
relation between the maxilla and mandíbula. In some studies a panel gave a judge-
ment about the aesthetics of a face or the teeth in terms of acceptability (Howells 
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and Shaw, 1985; Kerr and O'Donnell, 1990). These indexes are also considered 
unsuitable for esthetic evaluation of restorations. 
The reason for the lack of research material on dental aesthetics is not the lack of 
interest in the subject but the difficulty of measuring precisely what 'dental 
aesthetics' means. How does one measure aesthetics? Aesthetics is a judgement 
commodity, and the assumed variability in individual judgements 'beauty is in the 
eye of the beholder' makes it difficult to make generalized statements (Graber and 
Lucker, 1980). 
In our society 'beauty' is related to recognition. If a nice crown is placed in a 
mouth with irregular and/or discoloured teeth, the crown will be recognized and the 
restored dentition will not be seen as nice or acceptable. 
In this study we tried to give an objective judgement about the aesthetic appearance 
of restored teeth by asking panels to locate the veneer restoration(s) instead of 
asking what is the opinion about the aesthetical appearance or to judge only the 
colour or shape. Every act of seeing is a judgement and the different factors can not 
individually be examined (Lombardi, 1973). As a result the mind is constantly 
interpreting the relationships of objects to each other. The pretended superiority of 
the aesthetic properties of porcelain was not confirmed in this study. Maybe at long 
date differences can be found between the aesthetic appearance of the materials. 
The ages of the restorations could be too short at this moment. Fatigue related 
effects were not included in this study. 
8.5 Conclusions 
The results of this study showed that there were no differences in aesthetic 
appearance between the three different types of veneer restorations at the baseline 
of this study. However, the recognition amongst the dentist observers in case of one 
or two veneer restorations was relatively high. The more veneer restorations in one 
patient were inserted, the more difficult it was to locate them correctly. 
In view of the significantly different level of recognition between the dentists and 
the beautician students, we concluded that the knowledge of the observers is a 
rather important factor. Other investigators found also a difference between the 
results of laymen and professional persons (Brisman, 1980; Prahl-Andersen et al., 
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1979). We considered that 'recognition' is a useful indicator for an aesthetic 
appearance, since this method gives information about deviations from the normal. 
Although dentists were able to locate the VRs relatively good, they were not able to 
distinguish between porcelain and resin composite. 
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Chapter 9 
In a longitudinal clinical trial the treatment times needed for the fabrication of 
veneer restorations (VRs) were recorded and analyzed. Treatment times were deter­
mined for: 1) direct resin composite (DC), 2) indirect resin composite (1С) and 3) 
porcelain (P) veneer restorations and for two preparation designs, with and without 
incisai coverage. Significant effects on the treatment times were found for the 
factors: I) type of VR, 2) operator, 3) number of VRs and 4) 'problems' in try-in 
phase for indirect VRs (1С- and P-VRs). The mean total time needed to perform one 
DC-VR was 46 min with a 95% confidence interval (ci.) of 40-54 min, for one IC-
VR 70 min (ci. 60-82 min) and for one P-VR 62 min (ci. 53-71 min). In the cases 
where more than one VRs were placed in one patient the times per VR were respec­
tively: DC, 38 min (ci. 34-44 min), 1С, 59 min (ci. 52-67 min) and P, 49 min (ci. 
44-55 min). The results of this study are considered to be useful in further cost-
benefit analyses. 
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9.1 Introduction 
A popular option for aesthetic correction of anterior teeth is the veneer restoration 
(VR). Since the first publication on the bonding of VRs using the etching acid, 
many studies followed on this subject aiming to improve the technique and increase 
its use (Stuart, 1975 and Lee et al., 1975) At present the most common techniques 
for veneering are direct or indirect resin composite or ceramic VRs. After a num­
ber of publications including clinical procedures several articles were published 
including clinical results (Jordan et al., 1989; Karlsson et al., 1992; Dunne et al., 
1993; Smales et al., 1992; Toh et al., 1987 and Welbury, 1991). Untili now no 
research has been published on the costs and benefits of these restorations. Cost-
benefit factors are important in decisions making on dental treatment alternatives. 
The benefits for the patient in terms of function, comfort and survival time are still 
unknown. The costs depend on the dentist's fee and the expenses for dental 
materials and dental laboratory work. 
The study aimed to determine the treatment times for VRs and to identify factors 
influencing these times. 
9.2 Materials and methods 
This analysis was part of a clinical trial that was originally designed to test the 
influence of a number of clinical variables on the survival of VRs. 
In this trial 180 veneer restorations of three different materials and two preparation 
designs were placed by seven dentists working in the Dental School of Nijmegen. 
The restorations were placed on central and lateral incisors in the maxilla for 
aesthetic reasons (62% discoloration, 24% malpositioned and 14% malformed). 
The three types of veneer restorations were: 
1. Direct resin composite, referred to as type DC (Silux Plus, 3M Co., St. 
Paul, MN, USA). 
2. Indirect resin composite, referred to as type 1С (Dentacolor, Heraeus 
Kulzer GmbH, Wehrheim, Germany). 
3. Porcelain, referred to as type Ρ (Flexo-ceram, Elephant Ceramics, Hoorn, 
The Netherlands). 
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The materials and the operators were assigned using a number of balancing criteria, 
including: age, sex, reason for making a VR, number of restorations present in the 
tooth to be restored as well as in the whole dentition, and number of teeth to be 
treated. 
In the case of the indirect techniques (1С an P) a minimal preparation depth of 0.6 
mm was required. 
The preparation designs were mainly determined by differences in the incisai region 
and in the cervical region. In the cases where two contralateral incisors (i.e. two 
central incisors or two lateral incisors) were to be treated with one of the indirect 
techniques (i.e. type 1С or type P), one of the two possible preparation designs of 
the incisai edge was assigned to one of the teeth. Then the other preparation design 
was chosen for the other tooth. The preparation design was assigned by balanced 
drawing using the criteria occlusion on the teeth. The preparation of the incisai 
edge consisted either of no incisai reduction (preparation 1) or an incisai reduction 
of the tooth of 1.5 mm with a short bevel at the palatinal side of the edge 
(preparation 2) (Figure 3-1). No incisai reduction was performed in DC-VRs. 
The preparation of the cervical region was determined by the severity of 
discoloration of the teeth: in cases of non-discoloured teeth a chamfer preparation 
was undertaken, while in cases of discoloured teeth a shoulder preparation was 
chosen to mask the discoloration. 
At the phase of checking the fit and shade of the veneers 13 porcelain VRs (22%) 
had to be remade because the shade was judged to be unsatisfactory by the patient 
and the operator. These VRs were excluded from the analysis. At the second try-in 
phase three VRs were still unacceptable. Ultimately three VRs were made with the 
direct resin composite technique which were acceptable for the dentist and patient. 
For the 1С type 13 VRs (21%) were unacceptable because of a mismatch in shade, 
and these had to be remade. Six restorations were made with the direct resin com­
posite technique. Furthermore one tooth fractured on removal of the temporary 
provision and was restored with a crown. 
Operators 
Seven dentists were involved in inserting the VRs. All the operators were part-time 
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University staff-members and part-time general practitioners (1-24 year since grad-
uation). The experience of the operators in using various type of VRs varied 
widely. None of the operators had experience with indirect resin composite veneer 
restorations. Three operators had some experience (less than five VRs) with porce-
lain VRs. All operators had some experience with direct resin composite VRs, 
while two dentists had placed more than 50 direct resin composite VRs before 
participating in this study. 
Selection of patients 
Subjects for this study were selected from a group of 112 patients taking part in the 
clinical trial on VRs. These patients were treated with one or more restorations with 
a maximum of six. However, a maximum of two VRs per patient was included in 
this part of the study. The other VRs were excluded. 
For the analysis of most of the factors considered to influence the treatment time, 
only one VR per person was selected (always preparation 1). Only for analysis of 
the factor 'preparation design' were two contralateral teeth with different prepa-
ration designs (with and without incisai reduction) included. 
Clinical procedures 
The direct VRs were made in one session. For the indirect VRs two sessions were 
required. The dentists were assisted by a dental nurse. All operators followed the 
same written protocol. 
For each step the time required for the clinical procedures was recorded in minutes. 
If significant deviations in the protocol occurred for a certain part of the procedure, 
these data were excluded from the analysis. 
Factors influencing treatment time 
Within the context of the given study design a number of factors were considered to 
influence the treatment time (Table 9-1). 
The factors 'operator' and 'type of VR' were experimentally assigned. The factors 
'number of VRs' and the 'shade of the teeth' were patient-dependent variables. The 
factor 'shade determination' was an operator-dependent variable. Colour and shade 
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could be selected with either a mock-up (in which composite is placed on the 
unetched enamel and cured) or a custom Vita-shade guide for porcelain. The factor 
'checking fit' was considered to be independent from the other studied variables. 
Other factors that might have had a minor influence were not considered. 
Statistical methods 
An analysis of variance (ANOVA) was applied to analyze the treatment times in 
relation to the factors that may have been of influence. To deal with the skewed 
distributions of the treatment times, a log-transformation was necessary for the 
proper application of ANOVA. Consequences of this transformation were: 
1. Direct interpretation of the mean values calculated after log-transformation is 
not possible. Retransformation (anti-log) results in the geometrical mean, 
which in this situation is an estimate of the median treatment time. 
2. Differences in treatment time after log-transformation are to be interpreted as 
relative differences between treatment times. The residual standard deviation 
in ANOVA may be interpreted as the residual coefficient of variation, i.e. the 
percentage of the median treatment time that is due to random fluctuations. 
3. In order to evaluate the factors that influence the treatment time, the median 
treatment time is presented as a reference. To get a 95% prediction or confi-
dence interval for the untransformed treatment times, the symmetric intervals 
are «transformed. This will result in asymmetrical intervals. 
The arithmetic means of the treatment time are also presented because of their re-
levance in the dental practice. The percentage of explained variance will be pre-
sented to give an indication of the combined influence of the factors. 
9.3 Results 
The factors considered to influence the treatment time of certain phases and the 
actual influence on these phases are presented in Table 9-1. 
The mean treatment time, median treatment time, 95% confidence intervals and 
95% prediction intervals for the three types of VRs for the different sessions and 
for the total procedure are presented in Table 9-2. 
A subdivision is made for single VR and multiple VRs. The 95% prediction inter-
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vals are presented to give insight to the variability of treatment times. ANOVA 
showed a significant difference (P< 0.001) for the total time needed to make a 
veneer restoration for the three techniques. The total procedure of an IC-VR took 
22% more time than the overall median time, the total procedure of a P-VR took 
3% more time while the application of a DC-VR took 20% less time than the over­
all median time. The number of VRs placed in one dentition demonstrated a signifi­
cant effect as well (P< 0.01). It was not possible to demonstrate a relation between 
treatment time and experience of the operator. 
The overall median of shade determination was 7 min. In the case of a mock-up 
being used, the shade determination took 22% more time while for the use of a 
shade guide 46% less time was required. The time for preparation of an indirect 
veneer restoration took 9% more and the time for preparation of a direct veneer 
restoration took 18% less than the overall median time for preparation (5 min). 
Table 9-1 Overview of the factors with significant influence on the treatment 
time. 
Factor 
Treatment type shade* operator number 
phase ofVR of teeth ofVR 
Session 1 
Shade determination 
Preparation 
Modelling/finishing (DC) 
Impression (1С, P) 
Temporary provision (1С, P) 
Session 2 (Type IC-P) 
Checking fit 
Cementation 
* shade of the teeth before treatment (discoloured or not discoloured) 
NS= no significant influence, * = significant influence Ρ < 0 05, * * = significant influence Ρ < 0 01, 
* * * = significant influence Ρ < 0 001, -= not related to treatment time of particular phase. 
*** 
** 
-
-
-
NS 
NS 
NS 
-
NS 
. 
NS 
NS 
_ 
NS 
* 
*** 
** 
*** 
NS 
NS 
-
NS 
*** 
. 
** 
* 
*** 
143 
Table 9-2 Mean treatment time, median treatment time, 95% confidence intervals 
and 95% prediction intervals for each single session and total pro­
cedure, for a single VR and for multiple VRs ( ) subdivided for each 
type in min per VR. 
mean 
time median 
95% 
confid. 
95% 
predic. 
Direct composite resin 
16 (21) 46 (39) 48 (40) 40-54 (34-44) 25- 85 (22- 68) 
Indirect composite resin 
session I 13 (20) 39 (36) 39 (38) 33-45 (31-42) 22- 66 (19- 68) 
session II 10 (19) 31 (23) 28 (23) 25-38 (20-26) 15- 62 (12- 42) 
Total (I+II) 10 (19) 70 (59) 72 (62) 60-82 (52-67) 43-115 (34-102) 
Porcelain 
session I 
session II 
Total (I+II) 
11 (22) 
8(22) 
8(22) 
35 (27) 
29 (22) 
62 (49) 
32 (25) 
29 (22) 
57 (52) 
28-43 (24-30) 
24-35 (19-25) 
53-71 (44-55) 
17-69 (15-48) 
17-49 (12-40) 
41-92 (30-82) 
Differences in η are caused by exclusions 
Table 9-3 Percentage differences of the median treatment time for the factors 
Operators' and 'number of VR' according to the clinical phases which 
are significantly influenced. 
Factor median range in % 
Operator 
Preparation 100 
Modelling/Finishing (type DC) 38 
Impression (type IC-P) 74 
Temporary provision (type IC-P) 61 
Number of VR 
Modelling/Finishing (type DC) 38 
Temporary provision (type IC-P) 61 
Checking fit (type IC-P) 64 
Cementation (type IC-P) 62 
5 min 
28 min 
10 min 
7 min 
28 min 
7 min 
4 min 
19 min 
-24 to +26 
-31 to +43 
-34 to +23 
-46 to +39 
-17 to +20 
-15 to +24 
-12 to +27 
-10 to +21 
* 
** 
** 
*** 
** 
*** 
* 
*** 
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Preparations with incisai reduction took 20% more time than the preparations 
without incisai reduction. The factor 'problems in the checking fit phase' had a 
significant effect (P< 0.01) on the median treatment time. A significant operator 
effect was seen at different levels as is shown in Table 9-3. The table also demon­
strates the influence of the number of VRs on the different steps in the clinical 
procedure. This effect was significant for all steps mentioned. The residual coeffi­
cient of variation varied from 29% to 78% and the explained variance from 20% to 
59%. 
9.4 Discussion 
The treatment times for indirect VRs were respectively 70 minutes for one IC-type 
VR and 62 minutes for a P-type VR. The difference in treatment times for the 1С 
and P-type VR is in part a result of the different procedures in shade determination. 
The fact that all operators had no experience with the 1С technique may also have 
influenced the treatment time of 1С-VRs. Generally there was a reduction of treat­
ment time with 11-13 min per VR in the cases where two or more VRs were 
provided at the same time. This means a reduction in treatment time of approxi­
mately 15-20%. For the direct technique the reduction of treatment time was about 
8 min, which is 17%. As could be expected, this factor (more VRs in the same 
patient) was found to be significant for all treatment phases except for 'shade deter­
mination', 'preparation' and 'impression' (Table 9-1). 
As seen in Table 9-1, the operator had a significant influence on several clinical 
phases. This effect was also found in other studies on treatment time (Plasmans et 
al., 1987; Kreulen et al., 1991 and Verzijden et al., 1990). However, other typical 
operator-dependent factors such as 'shade determination' and 'checking of the fit' 
showed no influence on the treatment times. In the cases of DC-VRs the operator 
effect on the total treatment times was mainly restricted to the phases modelling and 
finishing. The slowest operator needed on average about 40 min for the modelling 
and finishing of a direct veneer restoration while the fastest used on average about 
19 min for this phase of the restoration. Also the factors 'preparation', 'impres­
sion' and 'temporary provision' were dependent of operator. However, the variation 
in times needed for these factors was only a few minutes. 
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The time needed to make a temporary provision, in cases of indirect VRs, was 7 
min on average. This was found to be at least 10% of the total treatment time 
needed for these restorations. The need to make a temporary provision depended on 
several factors, such as eventual sensitivity of the prepared tooth and the aesthetic 
demand of the patient. In cases in which a temporary provision is not needed, this 
will decrease the total treatment time substantially. 
The use of either a mock-up or a shade guide resulted in a difference of 4-9 min in 
treatment time. For the indirect composite technique a mock-up was used and for 
the porcelain technique a shade guide. There was no difference in terms of shade 
acceptance/dissatisfaction. 
In the cases where the VR was unsatisfactory for immediate insertion (problems in 
the checking fit phase), this had a highly significant influence on the treatment time. 
In these cases, the patient required a new temporary restoration and a further 
appointment for checking fit and bonding the VR. This factor was not taken into 
account in the treatment time analysis. 
The residual coefficient of variation is most interesting for time planning in the 
dental practice. Unfortunately this variation was substantial. A possible explanation 
for this variation might be found in other factors that were not taken into account. 
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CHAPTER 10 
General discussion, conclusions 
and clinical implications 

General discussion, conclusions and clinical implications 
At the time this study started no comparative data were available with respect to the 
clinical performance of different types of veneer restorations. The majority of the 
studies published at that time was dealing with porcelain veneer restorations and 
there was a strong tendency towards an increase in the use of porcelain VRs. In the 
mean time the experience with direct resin composite VRs at the Dental School in 
Nijmegen was very positive and several advantages were imputed to direct VRs. To 
get more insight into this field a prospective and longitudinal clinical trial including 
both an experimental and observational study design was started in 1990. 
The aim of this study was to assess the survival of three different types of veneer 
restorations. Furthermore, their clinical performance in comparison to each other 
and a number of factors which might have an influence on the function of these 
restorations was described. Also treatment times were assessed as to collect data 
useful for cost-benefit analyses. 
The study was started with a group of 112 patients and 180 veneer restorations. The 
restorations included in the trial were selected from a total of 263 restorations 
which were placed in the maxillary anterior regions of these patients. This selection 
(the procedure was described in Section 3.2.1) was done to avoid unwanted 
dependencies of restorations made in one and the same patient. Therefore, a 
maximum of two restorations were allowed to be included, whilst the other 
restorations were only made to service the aesthetic demands of the patients. 
This study was originally planned to run for a time of 5 years. The findings 
described in this thesis are the results of the interim analyses performed after 2.5 
years of evaluation. A disadvantage of an analysis after such a relative short period 
of follow-up is that differences between variables may be undetected as a result of a 
lack of statistical power. Nevertheless, interim reports are meaningful for clinicians 
who are interested in early results, since they want to put these findings into 
practice as soon as possible. Moreover, interim results concerning different treat-
ment modalities are important to stipulate if the continuation of the clinical study is 
ethically acceptable. 
The majority of failures occurring during the initial stage of a study can be 
classified as so-called 'early failures'. This type of failures may be considered as 
directly related to either the clinical procedures (i.e. inaccurate bonding procedures) 
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or to misjudgments regarding function (i.e. parafunctional habits, occlusal overload 
or mistakes in the indication). Failures occurring in a later stage of a clinical study 
are considered to be more related to aging and fatigue processes and therefore more 
dependent on the dental materials used. It is obvious that 'early failures' are over 
represented in this interim analysis and that presently undetected relationships 
between the experimental variables and clinical performance may become manifest 
after a period of follow-up. With this in mind, the parameters and findings of this 
study must be considered as elements describing the effects of certain clinical 
procedures, rather than variables predicting the long-term survival of these restor-
ations. The outcomes present an indication of what might be expected on the long 
run but contains little information about the effects of aging processes. 
Another aspect which should be mentioned in this respect is that the clinical use of 
dental materials is time dependent. For example, most of the resin composites 
presently used for direct VRs are so called sub micron hybrid or ultrafine-midway 
filled resin composites. These materials have comparable aesthetic qualities but 
have better mechanical properties than the microfilled resin composites used in this 
trial. Since the market is overwhelmed with new products this problem is nearly 
impossible to overcome in studies on resin composite restorations. Conclusions and 
interpretations for a more general purpose should therefore be made with great 
care. 
Nevertheless it was possible to come to some conclusions with respect to the exper-
imental part of this study. Two types of failures were distinguished in this study: 
'absolute failures', defined as failures that led directly to the end of the function of 
the restoration, and 'relative failures', which were defined as failures in which it 
was possible to perform adjustments or repairs in a way that the original restoration 
could stay in function. No influence on the incidence of 'absolute failures' could be 
demonstrated for the variable 'type of VR'. However, in porcelain VRs no 'abso-
lute failures' were seen at all. When taking both 'absolute' and 'relative' failures 
into account, it appeared that porcelain VRs performed better than both types of 
resin composite VRs. Not only the survival ratio was in favour of porcelain VRs, 
also less staining was seen on the surface of these restorations. The combination of 
several findings indicate that resin composite VRs are more prone to time depen-
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dent changes than porcelain VRs (survival, staining, level of satisfaction after two 
years). On the other hand, it should be mentioned again that older generations of 
microfilled resin composites were used in this study. Newer generations of hybrid 
resin composites might perform better as improved strength, lower incidence of 
chipping, less water uptake and staining and higher wear resistance have been 
reported for these types of resin composites (Willems et al., 1992; Lambrechts et 
al., 1982). Regarding the indirect technique it should be mentioned that there were 
some problems with the fit and shade of indirect VRs in a substantial number of 
cases. A total of nine indirect VRs were not placed because the desired aesthetic 
quality could not be reached. In this study, these 'problems' were not considered as 
failures since they occurred before placement of the restorations. However, the fact 
that such problems may happen should be considered as a disadvantage for the 
indirect technique. 
Another important finding in the experimental part of this study was the fact that no 
positive effect was seen from incisai coverage by the veneer restoration, which is in 
contrast with earlier suggestions in the dental literature. VRs without incisai cover-
age seemed to perform better than those with incisai coverage, but this difference 
was not statistically significant. Routine coverage of the incisai edge is therefore 
considered to be unnecessary. However, there may be circumstances that incisai 
coverage is required, for instance in case of crown lengthening or when incisai 
dentine is exposed. In this respect attention should be addressed to the findings in 
Chapter 9, in which it was found that preparations with incisai reduction took 20% 
more time than the preparations without incisai reduction. 
In aesthetic dentistry not only longevity of the restoration is an important aspect but 
also important (and may be even more) is the amount in which the restoration 
fulfils its purpose (i.e. the cosmetic effect). As described at several places in this 
thesis, aesthetics and cosmetic effects are very difficult to measure. In this study the 
aesthetic appearance was studied at three levels: 1) according to the USPHS criteria 
(quality assessment), 2) patients' satisfaction (subjective judgement), and 3) the 
possibility to distinguish between natural teeth and veneered teeth by dentists and 
beautician students (objective judgement). The different evaluation methods used in 
this study could not reveal clear differences in aesthetic appearance between the 
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three types of VRs at baseline. The USPHS criteria have been developed for 
clinical rating of the quality of restorations and have been used in many studies. 
These rating criteria might be considered as useful descriptive criteria during one 
and the same recall period. However, since a high level of calibration over a long 
period of time could not be warranted, the method is considered insufficient for 
meaningful longitudinal comparison of the restorations. Moreover, comparison be-
tween different studies is impossible as a result of the absence of calibration 
between the studies. The only reliable comparison between the different types of 
VRs from an aesthetic point of view was the subjective judgement of the patients 
themselves. This comparison revealed that (over the whole follow up period) 
patients with porcelain VRs were more satisfied than those with resin composite 
VRs. The ability of the dentist observers to distinguish veneered teeth form natural 
teeth was moderate to substantial. The ability of the beautician students to recognise 
the VR was moderate, but no distinction between the type of VR could be made. 
The observers were not able to differentiate between the VRs from slides of the 
smiling patient. Although the 'professionals' were able to distinguish the restor-
ations from natural teeth quite well, this was apparently no problem for the 
patients. 
With respect to potential influences of co-variables, also some conclusions could be 
drawn. However, as stated before, these findings are not evidential for cause-effect 
relationships but solely observational. That does not change the fact that certain 
correlations appear to be present and that useful information can be drawn for 
clinical situations in daily practice. From the results in Chapter 5 it seemed that the 
vitality of the tooth is a significant prerequisite for the survival of VRs. As 
discussed in the particular Chapter, it is not clear whether this association is direct 
or indirect. The higher risk to fail for VRs on non-vital teeth, may be related to the 
shoulder preparation that was used in cases of discoloured teeth, since discoloration 
was seen more frequently and more severe in non-vital teeth. No further risk 
factors were found except the factor 'number of VRs': whereas more 'absolute 
failures' were seen in patients with only one VR, more 'relative failures' were seen 
in patients having more VRs. Although the number of VRs per patient did not 
influence the level of satisfaction (subjective judgement), the objective judgement 
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was more positive in cases in which more VRs were made. It should be mentioned 
that the number of VRs per patient made in this study varied between one and six. 
This might be different from what is generally seen in daily clinical practice, where 
the dentist easily tends to treat all upper anterior teeth. 
The study also demonstrated that the gingival response to veneer restorations was 
good. Moreover, evaluation of the periodontal condition using the papillary 
bleeding index suggested that there was an improvement in this respect over the 
period of time, both for the veneered and the control teeth. Although this finding 
cannot prove a causal relationship from the given study design, it is bringing an 
interesting hypothesis under the attention: Is a patient who is satisfied with the 
aesthetic appearance of its dentition more willing to maintain oral hygiene than a 
patient who is not satisfied with his dental appearance? Further clarity about this 
possible correlation might be very helpful in preventive dentistry and therefore 
worthwhile to investigate. 
In the general introduction of this thesis attention was paid to the feasibility to serve 
patients with non-invasive aesthetic treatments such as veneer restorations. It is 
obvious that veneer restorations are less invasive than conventional crowns in term 
of tooth tissue removal. The amount in which, tooth tissue must be removed to 
create a situation in which the tooth can be restored with a veneer restoration 
without overcontour was mapped in Chapter 7. However, this study revealed that 
with the given preparation protocol, in almost all cases overcontour of the 
restoration was seen. This finding brings up the discussion whether deeper 
preparations are desirable to prevent overcontour in discoloured teeth. On the basis 
of the available adhesive systems at the start of the study, it was decided that the 
restoration should be bonded to enamel or eventually present resin composite Class 
III and IV fillings. The modem adhesive systems allow preparation designs into the 
dentine, therefore overcontour would not be necessary. Nevertheless, this part of 
the study emphasises the importance of a sufficient preparation depth. 
One of the main questions in this study was whether there was an operator effect on 
the performance of VRs. Operator effects have been described for many types of 
restorations and many aspects of restorative dentistry, but, despite the apparently 
obvious relationship, seldom for aesthetic dentistry. The only effect that could be 
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demonstrated in this study so far, is the operator effect on the treatment times. This 
effect amounted up to a factor two for direct composite resin VRs. However, for 
both objective (survival and USPHS criteria) and subjective (patients' satisfaction) 
evaluation criteria no operator effects could be demonstrated. 
There is another point that should be addressed in this general discussion. All 
porcelain VRs were produced by one dental technician and another dental technician 
was producing all indirect resin composite VRs. As in other fields of prosthetic 
dentistry, one may presume that the skills of these technicians are to a high extent 
responsible for the quality of the restorations. Since both technicians were working 
for the manufacturers supplying the materials for the VRs, it may be expected that 
they brought their highest level of craftsmanship into the study. It was impossible in 
this study to control this factor in a way that the influence of the dental technician 
was measurable. However, it is quite feasible that with other, more experienced or 
less experienced, technicians other results could have been achieved. On the other 
hand the protocol assigned the dentist operator to be the one responsible for the 
quality of the restorations as a result of which the role of the dental technician was 
reduced to be dependent on the operator. Finally, there is a question which is 
difficult to answer: how long should a cosmetic restoration perform? Not only 
changes in the restoration itself but also changes in alteration of teeth will have 
effect on the aesthetic appearance of the dentition. There are a lot of changes in the 
dentition on the long term (for example: discoloration of the natural teeth, migra-
tion of the teeth, recession of the gingiva). Restorations are not aesthetic when they 
are not in harmony with the complete dentition. So in dentitions where 'natural' 
changes of the teeth take place it is important to maintain long term aesthetics in 
which the restoration is easy to adjust to the changes that have taken place. 
Conclusions and clinical implications 
In general the number of failures in this study is considered to be low. Direct resin 
composite VRs showed the highest number of failures, the patients' satisfaction 
with this type of VR decreased with time but the investment in terms of treatment 
time (about two-third of the treatment times needed for the indirect techniques) 
were relatively low while no dental laboratory costs were involved. 
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The survival ratios and patients' satisfaction level of the indirect resin composite 
VR were moderate. The treatment times needed for the dentist to produce an IC-VR 
were relatively long (mean time: 70 minutes) and the procedure needs a dental 
technician. This leads to relatively high costs while the benefits are not better than 
for the other types of VRs. 
Porcelain VRs performed the best survival ratios, the patients were very satisfied 
with the porcelain VR and the mean treatment time for the dentist is moderate. The 
price for laboratory procedures is slightly higher than for indirect resin composite. 
However, the benefits seem to counterbalance the higher costs for the patient. 
The indirect technique were more prone to problems during the placement of the 
restoration than the direct technique, but more maintenance treatment were 
necessary in the direct technique. 
The aesthetic treatments in this study resulted in significantly lower bleeding on 
probing and plaque indices, indicating a higher level of oral hygiene of the patients. 
Incisai coverage of the teeth did not reveal any advantages with respect to 
functionality. 
The vitality of the tooth seems to be a factor of importance with respect to the 
chance to fail. More failures were seen in non vital teeth. 
A longer evaluation period is necessary to confirm or reject the interim results of 
this study. 
The diversity in the outcomes on aesthetics of the different assessments underlying 
the statement that aesthetics are difficult to measure. 
Although formally not studied, some of the operators opinions with respect to the 
techniques used should be mentioned here. It seems that the indications for the use 
of the direct and the indirect techniques are different. Direct composite restorations 
are indicated in case low costs are important, or in cases where a 'temporary' 
provision for a longer period is desired. The direct technique is strongly dependent 
on the artistic skills of the dentists but a major advantage is that the aesthetic result 
can be evaluated and changed during the fabrication. Colour determination before 
and during the treatment is much easier, which is considered to be an advantage 
when treating one single (discoloured) tooth. Another point worthwhile to mention 
is the observation that direct microfine composite resin VRs tend to become slightly 
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darker with time either due to staining or intrinsic discoloration. This may be an 
advantage in patients which are prone to discoloration of their natural teeth. Indirect 
VRs may be the first preference in cases where several VRs have to be made to 
improve the aesthetics of all upper anterior teeth. When more VRs are made in the 
same mouth, the restorations will not become visible on the long term as neigh­
bouring teeth are aging as well. 
Porcelain VR are considered to be the first preference in cases of non-discoloured 
or mild discoloured teeth. The communication with the dental technician might be 
difficult when severely discoloured teeth are involved, the final result is difficult to 
predict and the possibilities to correct the colour with the luting cements are 
limited. Not all the indirect VRs made by the technician were also placed. 
Eventually, this problem will be less when the colour determination is done by the 
technician. 
The longer treatment time to produce these restorations is reduced per restoration 
when more VRs are made at the same time. Colour determination problems are 
easier to overcome when more restorations are made. Indirect resin composite VRs 
bring no advantages in comparison to porcelain VRs, except the fact that the labora­
tory costs may be somewhat lower. 
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Summary 
In this thesis several studies are described aiming to investigate the clinical 
performance of different types of veneer restorations (VRs). Along with an experi-
mental longitudinal clinical trial attention is paid to the patients' satisfaction, the 
opinion of professionals and to some cost-benefit aspects. 
The general introduction in Chapter 1 presents a short historical overview and a 
number of problems related to the technique of the veneer restoration. The main 
objectives of the study are presented in relation to these problem fields and the 
relevance of the study, which is based on both biological and economical aspects, 
is outlined. 
The literature with respect to the clinical follow-up of veneer restorations was 
reviewed using a meta-analytic procedure. This formal way of a literature study is 
described in Chapter 2. The purpose of this study was to make an inventory of the 
data published in the last decade and to aggregate an overall cumulative survival for 
this type of restoration. Papers were independently selected by three dental students 
and successively by two senior researchers. Further to this selection procedure, the 
papers were subjected to a quality assessment procedure. After a homogenity test of 
the data, overall cummulative survival curves were constructed by pooling the data 
from the studies included. The weigthed overall mean quality score of the studies 
was moderate. There was a high correlation between the scores of the independent 
observers. Although it appeared to be impossible to use the quality assessment as a 
weigth for the survivals, the procedure is considered to be valuable to describe the 
sample of the papers studied. The cumulative proportion of survival after three 
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years assessed for porcelain VRs was higher than for preformed VRs but differed 
not from the survival estimate for direct resin composite VRs. Three year data for 
indirect resin composite VRs were not available. 
The following two chapters provide background information about the experimental 
set-up and the patients involved. 
Chapter 3 deals with the design of the study and provides information about patient 
selection, trial protocol procedures, experimental and co-variables, evaluation 
criteria and reliability of the measurements. The clinical trial was primarily 
designed to test a number of hypotheses related to the clinical functioning of VRs. 
However, also uncontrolled effects were observed and evaluated in the so-called 
observational part of the study. A group of 112 patients was selected and 180 VRs 
were inserted by 7 operators. The experimental variables were 'type of VR', 'pre-
paration design' and 'operator', and were assigned by balanced drawing. All VRs 
were inserted following a strict clinical protocol and data were recorded using 
special data forms. The statistical procedures used for the evaluation are also 
presented in this Chapter. 
In Chapter 4 the patients involved this study are described. The information about 
the patients is presented at different levels. The first level is dealing with a number 
of patient characteristics, such as age, gender, level of education and way of health 
insurance. The second level includes a number of dentition characteristics with 
general information about the DMF-t index, oral hygiene and periodontal health. 
For the last two criteria, two groups of teeth and adjacent gingiva, (the so-called 
'Ramfjord-teeth' and the teeth in the upper anterior region) were evaluated and 
compared. The third level of information is centred on the 'upper anterior teeth' 
and includes a number of aesthetic parameters such as the shade of the teeth and 
visibility of the teeth and surrounding gingiva. Finally, information such as reasons 
for making a VR, numbers and types of teeth to be treated and aetiology of the 
aesthetic anomalies is presented. 
Chapter 5 presents the clinical evaluation of the VRs. Beside the experimental 
variables some patient-related variables (number of VRs, tooth type and vitality) 
were investigated. For quality assessment the parameters used were adapted from 
the USPHS criteria. Survival was defined at three levels: (1) complete survival (Sc, 
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end points: absolute failures), (2) functional survival (Sf, end points: relative fail-
ures) and (3) overall survival (So, end points: both type of failures). The 
experimental variables showed no significant influence on Sc. However, 'type of 
VR' showed a significant effect on Sf and So both in favour of porcelain VRs. All 
three survival ratios were independent from the variables 'preparation design' and 
'operator'. From the patient related variables, the factor 'number of VR' showed 
significant effects on the Sc and Sf survivals. Since these effects had different 
directions there was no effect seen for the So survival. VRs on vital teeth showed a 
significant better survival than VRs on non-vital teeth at all survival levels. With 
respect to the quality assessment, it was found that significant less staining on the 
restoration surface was seen in porcelain VRs when compared to indirect resin 
composite and direct resin composite VRs. No significant differences were seen for 
the other quality parameters. Comparison of the mean bleeding percentages at 
different recalls, revealed a significantly lower bleeding on probing index for both 
veneered as well as controlled teeth at the two year recall. 
The aim of the study presented in Chapter 6 was to measure the satisfaction of 
patients with respect to the aesthetics of the VRs and to identify potential factors 
influencing the level of satisfaction. Patients were asked to fill in questionnaires at 
baseline and at the one and two year recalls. At baseline the overall satisfaction was 
76%, after two years this was 78%. The variable 'type of VR' was the only factor 
measured that had a significant influence on the satisfaction of the patient. At the 
two-year evaluation, patients with porcelain VRs were more satisfied (significant 
difference) than those with direct resin composite VRs. From the results of this 
study it is concluded that differences in clinical procedures had no effect on the 
satisfaction. Also the factor 'number of VRs' appeared to have no influence on the 
level of satisfaction. 
In Chapter 7 a study investigating the dimensional changes of teeth when veneering 
procedures are performed, is described. For this purpose, a sample of 15 VRs made 
on discoloured central incisors was selected, including representatives from all three 
types. Impressions and dies were made before treatment, after preparation and after 
placement and finishing of the restorations. Contact stylus profilometry and 
subsequent analysis of the 3-D surface images provided quantitative data of the 
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differences between the various treatment phases. The tooth reduction in the 
preparation phase was the largest for indirect resin composite VRs and the least for 
direct resin composite VRs. All veneer restorations showed nearly the same 
thickness and placement of the restorations resulted in an increase of the volumes of 
all treated teeth except for one. From the results of this study it is concluded that 
the dimensions of discoloured teeth treated with veneer restorations unintentionally 
increased, resulting in overcontour. 
Chapter 8 presents a study in which the aesthetic results were evaluated by dentists 
and beautician students. One month after insertion of the VRs, colour transpar-
encies were made of smiling patients randomly selected. The slides were evaluated 
by five dentists who were not familiar with the patients and by 25 beautician 
students. Dentists were asked to locate the VRs and to specify the type of VR. 
Beautician students were only asked to locate the VRs. To trace a possible relation-
ship between the aesthetic result of the treatment and a number of variables, 
ANOVA was applied to evaluate the variables: (1) 'discoloration of the teeth' 
before treatment, (2) 'type of VR' and (3) 'number of VRs'. Agreements in 
judgement were expressed in Cohen-Kappa coefficients. The results showed that the 
dentists could locate the VRs quite well, for the beautician students this was more 
difficult. The more VRs were made in the same patient, the more difficult is was to 
locate them correctly. The other variables had no significant effect on the 
recognition of the VRs. It was not possible for the dentist observers to differentiate 
between the materials that were used. 
An analysis of the treatment times necessary to make the VRs is presented in 
Chapter 9. Significant effects on the treatment times were found for the factors: (1) 
type of VR, (2) operator, (3) number of VRs and (4) 'problems' in try-in phase for 
indirect VRs. The mean total time needed to make a direct resin composite VR was 
46 min, for an indirect resin composite VR this was 70 min and for a porcelain VR 
62 min. In the cases where more than one VR was placed in one patient the times 
per VR were for direct resin composite 38 min, 59 min for indirect resin com-
posite, and 49 min for porcelain VRs. The results of this study are considered to be 
useful for further cost-benefit analyses. 
The conclusions of this thesis are discussed in Chapter 10. In general a small 
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number of failures were found. Direct resin composite VRs showed the highest 
number of failures, patients' satisfaction with this type of VR decreased with time 
but the investment in terms of treatment time (about two-third of the treatment 
times needed for the indirect techniques) was relatively low while no dental 
laboratory costs were involved. The survival ratios and patients' satisfaction level of 
the indirect resin composite VR were moderate. The treatment times needed for the 
dentist to produce an indirect resin composite VR were relatively long and the 
procedure is involving a dental technician. This leads to relatively high costs while 
the benefits are not better than for the other types of VRs. Porcelain VRs 
performed the best survival ratios, the patients were very satisfied with these restor-
ations and the mean treatment time needed to produce these restorations was moder-
ate. The price for laboratory procedures is slightly higher than for indirect resin 
composite VRs. However, the benefits seem to counterbalance the higher costs for 
the patient. The indirect techniques were more prone to problems during the place-
ment of the restorations than the direct technique. However, more maintenance 
treatments were necessary in the direct technique. 
Incisai coverage of the teeth did not reveal any advantages with respect to the 
functionality. Tooth vitality seems to be a factor of importance with respect to the 
chance to fail. 
The aesthetic treatments performed in this study resulted in significantly lower 
bleeding on probing and plaque indices, indicating an improved level of oral 
hygiene of the patients. 
The clinical results were promising and revealed only few significant differences 
between the three veneer systems at the two year recall. A longer evaluation period 
is necessary to assess more possible clinical differences between the three different 
types of VRs. 
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Samenvatting 
De in dit proefschrift beschreven studies hebben ten doel om het klinisch gedrag 
van verschillende typen veneer restauraties (VRs) te onderzoeken. Gelijktijdig met 
een experimentele longitudinale 'clinical trial' wordt er aandacht geschonken aan de 
tevredenheid van de patiënten, de opinie van professionals (enerzijds bestaande uit 
een groep tandartsen en anderzijds uit een groep schoonheidspecialisten in oplei-
ding) inzake het esthetisch effect van de behandelingen en aan enkele kosten-baten 
aspecten. 
De algemene inleiding in Hoofdstuk 1 geeft een historisch overzicht van de litera-
tuur op het terrein van de veneer restauratie alsmede een aantal probleemvelden die 
gerelateerd zijn aan de techniek van deze restauratie. De algemene doelstellingen 
worden gepresenteerd in relatie tot de genoemde probleemvelden en de relevantie 
van de studie wordt aangegeven aan de hand van zowel biologische als economische 
aspecten. Tot slot wordt er in dit hoofdstuk een vooruitblik op het proefschrift 
gegeven. 
In Hoofdstuk 2 is een literatuurstudie naar het klinisch functioneren van veneer 
restauraties beschreven. Het betreft een meta-analyse over de vanaf 1983 in de 
literatuur verschenen duurzaamheidsgegevens met als doel om deze gegevens te 
inventariseren en te combineren tot een 'overall' cumulatieve overlevingscurve. 
Geschikte artikelen werden geselecteerd aan de hand van van te voren vastgelegde 
selectiecriteria door drie tandheelkunde studenten en vervolgens door twee senior 
onderzoekers, ieder onafhankelijk van elkaar. Daarna werden alle geselecteerde 
artikelen op hun kwaliteit beoordeeld. Na een test op de homogeniteit van de data, 
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werden 'overall' cumulatieve overlevingscurves voor de diverse typen veneer 
restauraties geconstrueerd. De gewogen kwaliteitsscore van de studies bleek 
gemiddeld te zijn. Er bestond een hoge correlatie tussen de beoordelingen. Of-
schoon het onmogelijk bleek om de kwaliteitsscores te hanteren bij het construeren 
van de overlevings-curven, werd de kwaliteitsprocedure toch als waardevol voor de 
beschrijving van de populatie van de studies ervaren. De cumulatieve proportie 
overleving na drie jaar werd voor porseleinen VRs hoger geschat dan voor 
voorgevormde VRs. Het verschil tussen porseleinen en direct composiet VRs was 
nihil. Er waren geen drie jaars gegevens van indirecte composiet VRs beschikbaar. 
Hoofdstuk 3 geeft informatie over de opzet van de klinische 'trial', zoals 
patiëntenselectie, protocol procedures, experimentele- en co-variabelen, evaluatiecri-
teria en betrouwbaarheid van de metingen. Een groep van 112 patiënten werd gese-
lecteerd voor deze studie en er werden in totaal 180 veneer restauraties vervolgd 
die door 7 tandartsen werden geplaatst. De experimentele variabelen in deze studie 
zijn: 'type veneer restauratie', 'preparatievorm' en 'operateur'. Deze variabelen 
werden via gebalanceerde loting toegewezen. De veneer restauraties werden 
vervaardigd volgens een strikt klinisch protocol en de gegevens zijn op speciale 
formulieren vastgelegd. Daarnaast werden in dit hoofdstuk eindpunten, lost-to-
follow-up en statistische procedures beschreven. 
In hoofdstuk 4 is de patiëntenpopulatie beschreven. De informatie over de 112 
patiënten is verdeeld over verschillende niveaus. Het eerste niveau zijn de patiënt 
eigenschappen zoals leeftijd, geslacht, opleidingsniveau en vorm van ziektekosten-
verzekering. Het tweede niveau bevat algemene informatie over de dentitie zoals 
DMF-t index, niveau van de mondhygiëne en de conditie van het parodontium. 
Voor de twee laatste criteria werden twee groepen van elementen, te weten de 
zogenaamde 'Ramfjord-elementen' en de 'bovenfront-elementen', met elkaar 
vergeleken. Het volgende niveau bevat informatie over de bovenfront-elementen 
zoals de kleur en zichtbaarheid tijdens praten en lachen. Het laatste niveau betreft 
de te behandelen elementen en bevat onder andere gegevens over behandelingen in 
het verleden, subjectieve redenen voor de vraag naar behandeling, vermoedelijke 
oorzaak van de afwijking en element typen. 
In hoofdstuk 5 zijn de bevindingen na 2,5 jaar evaluatie beschreven. Onderscheid 
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wordt gemaakt naar overleving ('survival-analysis') en kwaliteitsbeoordeling 
('quality assessment)'. Voor het bepalen van de overleving werd het begrip falen 
('failures') nader gedefinieerd. 'Absolute mislukkingen' werden gedefinieerd als 
niet reparabel (bijvoorbeeld losraken van restauratie), terwijl 'relatieve 
mislukkingen' (bijvoorbeeld 'chipping') konden worden gerepareerd zonder dat de 
restauratie moest worden vervangen. Aldus werden drie overlevingsniveaus 
bepaald: 'complete overleving' (Sc, eindpunten: absolute mislukkingen), 
'functionele overleving' (Sf, eindpunten: relatieve mislukkingen) en 'algemene 
overleving' (So, beide typen mislukkingen zijn eindpunten). De experimentele 
variabelen bleken geen invloed te hebben op Sc. Echter, het type veneer restauratie 
bleek wel invloed te hebben op zowel Sf als op So, met de beste resultaten voor de 
porseleinen VRs. Er werden geen effecten waargenomen betreffende de variabelen 
'preparatievorm' en 'operateur'. VRs die werden geplaatst op vitale elementen 
bleken een significant betere prognose te hebben dan die op niet-vitale elementen 
werden vervaardigd. Met betrekking tot de kwaliteitsbeoordeling werd vastgesteld 
dat de betrouwbaarheid van een aantal metingen te wensen overlaat en dat interpre-
tatie niet eenvoudig is. Wel kon worden vastgesteld dat er significant minder 
'staining' (aanslag, oppervlakkige verkleuring) plaatsvond op porseleinen VRs. 
Tenslotte bleek dat de parodontale conditie van zowel de behandelde elementen als 
die van de controle groep, althans wat betreft de bloeding na sonderen, tijdens 2 
jaars evaluatie beter te zijn dan bij de start van de studie. Mogelijk heeft de esthe-
tische behandeling van deze groep patiënten geleid tot meer aandacht voor de 
verzorging van het gebit. 
Hoofdstuk 6 handelt over de tevredenheid van de patiënten inzake de esthetiek van 
de restauraties. Door alle patiënten werden tijdens de verschillende evaluatieronden 
vragenlijsten ingevuld. Kort na plaatsen was 76% van de patiënten tevreden, na 
twee jaar was dit percentage 78 %. Van de onderzochte variabelen bleek alleen 'type 
restauratie' een significante invloed op de resultaten te hebben. Personen met een 
porseleinen veneer restauratie waren het meest tevreden. Daarnaast bleek dat het 
vóórkomen van mislukkingen geen invloed had op de tevredenheid van de patiën-
ten. 
In de in Hoofdstuk 7 beschreven studie worden de dimensionale veranderingen die 
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optraden tijdens de diverse klinische fasen van het restauratieproces, bij 15 voor dit 
doel geselecteerde verkleurde elementen geanalyseerd. Ten behoeve van deze studie 
werden er vóór behandeling, na preparatie en na plaatsen en afwerken modellen 
vervaardigd. Via contact profïlometrie en drie dimensionale oppervlakteanalyse 
werden kwantitatieve data verzameld om de verschillen tussen de drie behandelfasen 
vast te leggen. Voor indirecte composiet VRs werd het meeste tandmateriaal verwij-
derd, voor directe composiet VRs het minste. Alle restauraties waren nagenoeg van 
dezelfde dikte en na plaatsen werd voor alle elementen (uitgezonderd één element) 
een toename van de palatolabiale dikte waargenomen. 
In Hoofdstuk 8 wordt een onderzoek beschreven waarin werd getracht om de 
esthetische kwaliteit op objectieve gronden vast te stellen. Herkenbaarheid van de 
restauratie, als zijnde een 'niet-natuurlijke verschijning' in een verder 'natuurlijke 
omgeving', werd hierbij als criterium gehanteerd. Eén maand na plaatsen werden er 
mondopnamen gemaakt van de veneer restauraties waarbij de patiënt lachte. Een 
groot aantal van deze opnames werden aan vijf tandartsen en 25 
schoonheidspecialisten-in-opleiding getoond met de vraag om de vervaardigde VR(s) 
aan te wijzen. Aan de tandartsen werd eveneens gevraagd of zij het type restauratie 
konden benoemen. Het resultaat was dat de tandartsen de VRs 'redelijk' en de 
schoonheidspecialisten 'matig' konden lokaliseren. Hoe meer VRs per patiënt, hoe 
moeilijker het was om deze juist te lokaliseren. Het door de tandartsen benoemen 
van het materiaal dat voor de veneer gebruikt werd, bleek onmogelijk te zijn. 
De behandeltijden die gemeten werden voor de vervaardiging van de veneer 
restauraties zijn beschreven en geanalyseerd in hoofdstuk 9. De gemiddelde 
behandeltijd voor één veneer restauratie was voor directe composiet VRs 46 
minuten, voor indirecte composiet VRs 70 minuten en voor porseleinen VRs 62 
minuten. Wanneer er meerdere VRs tegelijkertijd werden vervaardigd daalde de 
gemiddelde behandeltijd per restauratie naar respectievelijk 38, 59, en 49 minuten. 
Significante invloeden op de behandeltijden werden gevonden voor de factoren: 
'type veneer restauratie' Operateur', 'aantal VRs' en 'problemen tijdens het 
passen'. 
Tot slot volgen in hoofdstuk 10 een algemene beschouwing en enkele klinische 
aanbevelingen. De meeste mislukkingen werden waargenomen bij directe composiet 
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VRs. Daarentegen vergt deze voorziening de minste investeringen. De 
vervaardiging van porseleinen VRs was arbeidsintensiever maar dit type toonde de 
beste overlevingscurven terwijl de patiënten hierover het meest tevreden waren. Bij 
de indirecte techniek deden zich meer problemen voor bij het plaatsen dan bij de 
directe techniek, maar nadat de restauratie eenmaal geplaatst was bleek de directe 
techniek meer nazorg nodig te hebben. Het overkappen van de incisale rand blijkt 
geen bijdrage te leveren aan de prognose van VRs. 
De klinische resultaten met de drie typen veneer restauraties zijn over het algemeen 
bevredigend. Een langere evaluatieperiode is noodzakelijk om verouderingseffecten 
goed te kunnen beoordelen. 
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Appendix 1 
PATIENT SELECTION GUIDE 
Tarpetproup: 
Patients who want to be treated with veneer restorations on esthetic reasons. 
Discoloured, malformed or malpositioned upper front teeth are considered for this 
study. 
Criteria for entering the study: 
- an indication for making a veneer restoration 
- the patient is in good general health 
- the patient is able to perform acceptable oral hygiene 
- the patient has a healthy dentition 
- the patient needs a referral letter from the dentist 
- the patient agrees with the trial protocol by means of a voluntarily given 
informed consent (appendix 2) and signing an agreement form (appendix 3). 
Indication criteria: 
- upper front teeth with colour, shape and or position deviations and these 
deviations are to solve with one or more VRs 
- tooth to be treated is sound or restored with acceptable restorations 
- treatment with a VR is not in conflict with the treatment plan for the whole 
dentition and is not a temporary solution of the problem 
Contra-indications: 
- cervical margin of the VR will be in dentin 
- near the tooth are pockets present deeper than 3 mm 
- tooth is more than acceptable mobile 
- present restoration of the labial surface is greater than half of the surface 
- missing of an upper incisor and restored with a removable prosthesis 
- to correct position of more than two of the upper front teeth 
- untreated non-vital teeth 
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Appendix 2 
INFORMED CONSENT 
Toestemmingsinformatie betreffende klinisch onderzoek naar veneerrestauraties 
Geachte mevrouw/meneer, 
U bent zojuist gevraagd of U mee wilt werken aan een onderzoek naar veneerresta­
uraties. Dit onderzoek wordt uitgevoerd door de Subfaculteit Tandheelkunde van de 
Universiteit van Nijmegen. 
Voordat U Uw instemming kenbaar maakt m.b.t. medewerking aan dit onderzoek, 
is het van belang om een aantal zaken te weten. 
Wat is een veneerrestauratie? 
Een veneerrestauratie is een restauratie die gemaakt wordt op het zichtbare gedeelte 
van een voortand om zodoende vorm of kleurafwijkingen van de tand te maskeren. 
1. Doel van het onderzoek: nagaan wat de levensduur is van veneerrestauraties en 
welke factoren hierop invloed hebben. 
2. Doel van de behandeling is de afwijkende vorm of kleur van de tand te 
maskeren (bedekken) met een tandkleurig materiaal. Dit materiaal kan zijn: 
composiet (vulmateriaal voor tanden) of porselein (wordt meestal gebruikt bij 
kronen). Veneerrestauraties zijn een alternatief voor kronen. Indien de tanden 
sterk genoeg zijn, kan de vorm en kleur verbeterd worden door een restauratie 
die alleen het zichtbare gedeelte maskeert. Hierdoor blijft het boren of beslijpen 
van de tand beperkt. 
In de meeste gevallen zal er iets van het glazuur van de voorkant van de tanden 
afgeslepen moeten worden. In аЦе gevallen is dit echter aanmerkelijk minder 
dan voor kronen nodig is. Het slijpen beperkt zich tot het glazuur is pijnloos en 
levert geen gevaar op voor zenuwbeschadiging van de tand. 
3. Directe gevolgen van de ingreep: omdat in de meeste gevallen aan de tanden 
geslepen moet worden verandert de oorspronkelijke vorm van de tanden. In 
theorie is het mogelijk dat de behandeling met een veneerrestauratie mislukt en 
dat reparatie niet mogelijk is. In dat geval bent U aangewezen op de ver-
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vaardiging van een kroon. Alvorens toe te stemmen in de behandeling met 
veneerrestauraties. is het van belang dat U zich dit realiseert. De behandeling is 
in principe veel minder ingrijpend dan het maken van een kroon. Indien de 
behandeling mislukt kan er altijd een kroon gemaakt worden. 
4. Kans op slagen/mislukken: onderzoeken geven aan dat dit soort voorzieningen al 
met redelijk succes zijn toegepast (± 80%). Indien er mislukking optreedt, is 
reparatie in de meeste gevallen vrij eenvoudig uit te voeren. Mislukken van de 
behandeling heeft bovendien geen nadelige invloed op andere behandelingen in 
Uw mond. 
5. Kans op complicatie: de kans op complicaties is bij toepassing van 
veneerrestauraties net zo groot of kleiner als bij toepassing van andere 
tandheelkundige voorzieningen zoals vullingen, kronen, bruggen en (frame)pro-
thesen. 
De aard van complicaties is gelijk aan die bij andere tandheelkundige 
voorzieningen. De materialen die voor veneerrestauraties worden gebruikt zijn 
dezelfde als die ook voor andere tandheelkundige voorzieningen worden gebruikt. 
Alleen de combinaties van deze materialen zijn relatief nieuw. 
Complicaties bij onvoldoende mondhygiëne kunnen zijn: 
1. verhoogde kans op gaatjes 
2. verhoogde kans op tandvleesonstekingen. 
Indien U wilt meewerken aan het onderzoek is het van belang dat U dit schriftelijk 
kenbaar maakt door ondertekening van bijgaand formulier (Appendix 3). 
Indien U dat wenst, kunt U deelname aan het onderzoek op ieder moment beëin-
digen. Zonder nadelige gevolgen voor de normale behandeling. Alternatieve 
behandeling bijv. kronen blijft altijd mogelijk. 
Meer informatie kunt U verkrijgen bij Mw. A.C. Meijering, tel. 080-514006. 
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Appendix 3 
AGREEMENT FORM 
Naam: 
Hiermede verklaar ik geen bezwaren te hebben tegen deelname aan het onderzoek 
naar veneerrestauraties. Ik ben bereid om gedurende de studie het functioneren van 
de veneerrestauratie enige malen te laten controleren. 
Ik heb de aan mij uitgereikte toestemmingsinformatie gelezen en begrepen en ben 
op de hoogte van het doel van het onderzoek en de aard van de behandeling. 
Ik ga er mee accoord dat indien er meer dan 2 restauraties vervaardigd zullen 
worden er een bijdrage gevraagd wordt van f 50,-per restauratie. 
Plaats: 
Datum: 
Handtekening: 
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OVERVIEW OF МАШ ITEMS OF THE DATA FORMS 
Form API (investigator) 
gender 
age 
insurance system 
education 
profession 
reason for treatment 
aetiology 
time of existence 
number of VR 
teeth to be treated 
trauma of upper anterior teeth 
previous bleaching 
removable prothesis 
'basic' shade of upper anterior teeth 
DMF-t and upper anterior teeth 
occlusion 
vitality of teeth to be treated 
upper anterior teeth: 
- occlusion 
- discoloration gingiva 
- wear incisai and buccal 
- recession gingiva 
- restorations present 
lip-line during speaking and smiling 
With two observers (forms A01 and 
A02): 
- plaque 
- bleeding on probing 
- pockets 
Form A03 (questionnaire patient) 
teeth to be treated 
opinion about shape of upper front 
teeth 
reason for treatment 
opinion about the success of treatment 
shape changes occurred 
parafunctional habits 
oral hygiene procedures 
eating, drinking and smoking habits 
Form BOI (operator) 
'basic' colour upper anterior teeth 
upper anterior teeth: 
occlusion 
- discoloration gingiva 
- wear incisai and buccal 
recession gingiva 
fracture 
Form COI (operator) 
operator 
teeth to be treated 
type of VR 
polymerisation lamp 
number of VR(s) 
necessary time to 
shade determination, 
- preparation, 
restoration and finishing 
kind of preparation 
margin location 
Form C02 and C03 (operator) 
operator 
teeth to be treated 
type of VR 
polymerisation lamp 
number of VR(s) 
treatment time: 
- shade determination, 
- preparation, 
- impression 
temporary provision 
design of preparation 
Form C04 and C05 (operator) 
operator 
teeth to be treated 
type of VR 
polymerisation lamp 
number of VR (s) 
treatment time: 
- checking the fit 
- placing and finishing 
problems with checking 
margin location 
Form DPI (investigator) 
treated teeth 
type of VR(s) 
number of VR(s) 
USPHS criteria 
plaque 
opinion of the investigator 
occlusion 
correction VR necessary? 
Form D02 (questionnaire patient) 
opinion about: 
- success of treatment 
- shape and shade of the VR 
- sense 
- temporary provision 
oral hygiene procedures 
advantages and disadvantages of the 
treatment 
Form E02 and E04 (investigator') 
treated teeth 
type of VR(s) 
number of VR(s) 
USPHS criteria 
gingiva location 
opinion of the investigator 
occlusion 
correction VR necessary? 
With two observers: 
- bleeding on probing 
- staining 
Form O02 and O04 (questionnaire 
patient) 
opinion about: 
- satisfaction 
- changes of shape and shade of the 
V R 
- sense 
- remarks 
- treatment of the dentist on the VR 
oral hygiene procedures 
advantages and disadvantages of the 
treatment 
parafunctional habits 
oral hygiene procedures 
eating, drinking and smoking habits 
Form FOI (investigator) 
tooth 
type 
date of failure 
failure characteristics 
possible reason for failure 
fracture site 
occlusion 
treatment 
Form RQ1 (investigator) 
tooth 
type 
type of treatment 
treatment procedures 
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Stellingen 
behorende bij het proefschrift 
A clinical study on 
veneer restorations 
1. Verbetering van de orale esthetiek heeft een significant positieve invloed op 
de parodontale toestand van het gebit. (Dit proefschrift) 
2. De overlevingskans van veneer restauraties op vitale gebitselementen is 
significant groter dan die van veneer restauraties op avitale gebitselementen. 
(Dit proefschrift) 
3. Het overkappen van de incisale rand van een gebitselement door een veneer 
restauraties biedt geen voordelen boven het niet overkappen. 
(Dit proefschrift) 
4. De kwaliteitscontrole van tandheelkundig klinisch onderzoek staat nog in de 
kinderschoenen, het tandheelkundig klinisch onderzoek zelf blijkt vaak 
nog niet aan schoeisel toe te zijn. (Dit proefschrift) 
5. Het begrip 'wachtgeld' heeft voor een tandarts-aio die klinisch onderzoek 
doet naar de levensduur van tandheelkundige restauraties, een geheel eigen 
betekenis. 
6. Onderzoekers die uitspraken doen over klinische situaties moeten met ten-
minste één been in de algemene praktijk staan. 
7. De hoeveelheid vermeende schadelijke stoffen die zich in tandheelkundige 
restauratiematerialen bevindt, valt in het niet bij de grote hoeveelheid 
schadelijke stoffen die de toepassing van deze materialen noodzakelijk 
maakt. 
8. Het niet kunnen waarnemen van een frontrestauratie is het beste compi iment 
dat een tandarts kan krijgen. 
9. Door het (verkeerde) gebruik van de afkorting 'dr' in ziekenhuizen kost het 
veel moeite uit te dokteren welke dokter een echte doctor is. 
10. Om een goed oordeel te kunnen vormen over het resultaat van hun inspan-
ningen is het aanbevelingswaard dat het organiserend comité van een congres 
niet, zoals gebruikelijk, de voorste maar de achterste rij in de zaal voor 
zichzelf reserveert. 
11. Sinds ziekenfondsen zorgverzekeraars zijn geworden, lijkt het wel of alleen 
professionele voetbalverenigingen er beter van zijn geworden. 
12. De kwaliteit van de persoonlijke uitrusting van de meeste (be)zeilers van 
gehuurde boten is omgekeerd evenredig aan hun zeemanschap. 
13. Twee fulltime carrières op één kussen, daar passen geen kinderen tussen. 
14. Door veel manlijke promovendi wordt promoveren vergeleken met bevallen. 
Zij vergeten echter dat de promotie meestal het einde van de 'sores' betekent 
terwijl de 'sores' bij de bevalling veelal pas beginnen. 
15. Esthetic care, more than any other treatment, has psychological aspects, the 
consideration of which is crucial to treatment success. (Sheet CG. J Am Dent 
Assoc ¡987; 115: J03e-J05e) 
Charlotte Meijering 
Nijmegen, 26 juni 1997 
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